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CORREC1IO 1S fJ. D ADDITIONS 
In general, only data (particularly spectral) whic . caa 
be definitively assigned· to, and most clearly characterise, str ct res 
are reported . Nevertheless, all other data (e . g. proton resonance 
envelopes in nmr spectra) are in accord in each case with the 
3cncral features of the structure assigned. 
In some instances, the exposition of mechani ~~s, , ,ccn 
condensed, the empha.d .h .. .1.. .. 1. 0 v.t the types of electronic changes 
involved without commitment to details except the expected nature 
of the final product which is of interest for the work. For 
example, acid catalysed fragmentation of l-methoxybicyclo[2.2.2] -
octyl derivatives (e. g . Scheme 1, page 31) is represented 
idealistically . Me+ is never generated as such, and the process 
presumably proceeds via the intermediacy of oxonium ions/hemi ketals . 
Similarly, in schemes where protonation of bicyclo-ketones or 
carbinols is the initial step, the conjugate acid of the parent 
compound has been drawn directly for the sake of brevity. The 
number below each of these conjugate acids refers to the compound 
from which it is derived . 
Part 1 :-
Page 8, Scheme 3 - delete 'eM' in figures_§_ and]_, read Me. 
Page 11, line 10 - read b.p . 46 - 49°/10 .Smm. 
line 11 - delete 2.85 (4H, AB q, J 32 and 10 Hz, aromatic 
protons), read 2 . 69 (2H, d of AB q, J 10 Hz, 
aromatic protons), 3.01 (2H, d of AB q, J 10 Hz, 
aromatic protons) . 
? 
0 
p ge 11, line 23 - after the word oil, read b.p. 65-68 /lmm . 
Page 12, line 7 - read b . p . 100-105°/lmm. 
line 7 - after the letters ir, read 
-1 (cm ). 
line 22 - after the word oil, read b.p. 70-71°/lmm. 
line 8 - delete 2 . 65 (4H, AB q, J 20 and 8 Hz, aromatic 
protons), read 2 . 55 (2H, d of AB q, J 8 Hz, 
aromatic protons), 2 . 75 (2H, d of AB q, J 8 Hz, 
aromatic protons). 
4- Bromoisopropylbenzene (page 11) is a known compound : 
W. Qvist , Chem. Abstr . , 31 , 6627 (1937). 
4- lsopropylbenzaldehyde (page 11) is a known compound : 
A. R. Penfold , J.Chem . Soc . , 121, 266 (1922). 
Part 2 : -
Compounds 4a - 4e exist as epimeric mixtures. The nmr 
signals for the olefinic proton of 4e at 4.0 and 4.2 (page 26) are 
caused by the exo and endo isomers, respectively. 
While 4a - e gave single retention times on glc, the use of 
equipment other than that stated could result in the separation of 
exo and endo stereoisomers . The same is true for bicyclo-adducts 
throughout the remainder of the thesis. 
Individual boiling ranges were not recorded for 4a .- e . 
However, they all distilled between 80 and 105°/lmm. 
Page 18 - delete 'eM' in figures lf and 3f, read Me . 
.) . 
Part 3a :-
Page 50, line 8 - after the word oil, read b.p. 65-68°/17nnn. 
Page 53, line 16 - after the word oil, read b.p. 100-115°/0.6rrm. 
Page 59, line 17 - ·delete (3H, dd, J 6 and 2 Hz, Me), read 
(3H, 2 overlapping d, J 6 Hz, caus ed by 
diastereoisomerism of 'Y_). 
Part 3b :-
Page 68, line 24 - delete the word 'tautomeric'. 
Page 69, top diagram - delete " ~ n, read " ~) ". 
Page 87, lines 22/23 - delete 2.9 (4H, AE q, J 32 and 8 Hz, 
aromatic protons), read 2.74 (2H, d of AB q, 
J 8 Hz,aromatic protons), 3.06 (2H, 
d of AB q, J 8 Hz, aromatic protons). 
Page 90, line 12 - delete 3.05 (4H, AB q, J 32 and 10 Hz, aromatic 
protons), read 2.89 (2H, d of AB q, J 10 Hz, 
aromatic protons), 3.21 (2H, d of AB q, 
J 10 Hz, aromatic protons). 
Page 91, line 11 - delete 3.9 (2H, AB q, J 32 and 10 Hz, olefinic 
protons) , read 3.74 (lH, d of AB q, J 10 Hz, 
olefinic proton), 4.06 (lH, d of AB q, 
J 10 Hz, olefinic proton). 
4-Bromo-3,5-dimethylanisole (page 81) and 2-acetyl-3,5-dimethyl-
anisole (page 83) are known compounds : J.D. Edwards,Jr ., and 
J.L. Cashaw, J.Amer.Chem . Soc ., 78, 3821 (1956). 
~ . 
Part 4 
Page 115, line 5 - delete 3 . 15 (2H, AB q, J 36 and 8 Hz, ar o2.atic 
protons), read 2.97 (lH, d of AB q, J 8 Hz, 
aromatic proton), 3.33 (lR, d of AB q, J 8 Hz, 
aromatic proton). 
Page 119, line 18 - delete 4.25 (lH, s, olefinic proton). 
Part 5 :-
Page 138 delete 15 in line 6 and Scheme 2, read 23. 
Page 138 delete 16 in line 7 and Scheme 2, read 24. 
Page 146, in headings for 14 and 15 - delete 67(8), read 68(9). 
Additional points 
In some cases, unambiguous assignment of data is difficult. 
For example, in the nmr spectrum of compound~ (Part 5) the six-
proton singlet reported could arise from either the gem-dimethyl 
group or from the two axial methyl groups. 
probable due to similarity of environment. 
The latter seems more 
The mechanistic discussion regarding the conjugation process 
(Part 2) attempts to delineate the general mode of action of the 
three catalysts concerned as a whole rather than refer to any 
particular one. The conjugation products obtained in this section 
were compared on glc with those prepared by the base catalysed 
procedure (i.e. both sets of compounds were injected to illustrate 
their identity). 
Where unusual infrared frequencies contribute to structure 
elucidation, they are assigned. For example, the N-Me band of 
compound_§_ (Part 1) at 2770 cm-l which lies within the range for 
tertiary N-methyl amines. 1 
1. K. Nakanishi, "Infrared Absorption Spectroscopy", Nankoda Co.Ltd., 
40 (1962). 
Summary 
The thesis is divided into a general introduction and 
five parts. Part 1 describes the use of a protecting group 
for aldehydes during Birch reductions, leading to a short 
synthesis of the principal flavouring material in Cumin seed. 
Part 2 reports a method for the catalytic conjugation 
of l-methoxycyclohexa-1,4-dienes to the 1,3-isomers, and the 
generation of various bicyclo(2.2.2)octyl compounds by 
direct Diels-Alder reaction of the conjugated dienes formed 
'in situ' with suitable dienophiles. 
Part 3a describes a stereoselective synthesis of 
(+)-nootkatone and (+)-a -vetivone, both members of the ere-
mophilane family of sesquiterpenes. Nootkatone is responsible 
for the bitter flavour of grapefruit peel while a-vetivone 
is a major component of vetiver oil, used extensively in 
perfume preparations. The manipulation and modification of 
the bicyclo(2.2.2)octyl system as a means of generating the 
required structures with the natural stereochemistry is 
discussed. 
Part 3b, which employs some of the basic transformations 
of 3a, discusses the results of attempts aimed at a synthesis 
of 10-epi-~ -vetivone, ~-vetivone itself being an important 
odoriferous sesquiterpene. Although the synthesis has not 
been achieved, 2,3-seco-10-epi-~ -vetivone has been prepared 
and suggestions for the final ring closure step are presented. 
A method for the construction of eudesmane sesquiterpenes, 
exemplified by a synthesis of tetrahydrocyperone, is reported 
in part 4, together with attempts to gain an entry into the 
cadinane family of sesquiterpenes. Both approaches utilise 
the same basic rearrangement of the bicyclo(2.2.2)octyl 
system for ring construction, and the power of predetermining 
the product's constitution is highlighted. 
Part 5 deals with the reductive methylation of linear 
conjugated dienones. The major products formed are the 
corresponding gem-dimethyl-~,~-unsaturated ketones. Synthetic 
implications of, and the mechanism for this process are 
discussed. 
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General Introduction 
Beauty and the Mind 
1 
The sight of a freshly opened aqua-blue carnation, the 
silky softness of its petals, the gentle fragrance that rem-
ains a nostalgic memory; these factors create a natural 
system that most minds identify as being beautiful. From 
the synthetic chemist, however, comes an added deep feeling 
of awe because he realises the extreme complexity of the 
components giving rise to this delicately balanced system, 
one which nature attains with such supreme ease and co-ordin-
ation, that by comparison, his creative and constructional 
prowess is hopelessly dwarfed. 
Nevertheless, synthetic organic chemistry can display, 
and in cases even endeavour to approach, the brand of elegance 
radiated by so many natural systems. This being the case, 
it seems reasonable to suggest that organic synthesis can, 
to a large extent, be equated with a variety of other appar-
ently unrelated art forms. It can possess the essential (and 
contrasting) ingredients of finesse and harshness, creative 
beauty and dull ugliness, multidimensional imagination and 
monodimensional boredom. 
In general, it appears that attractive syntheses often 
depend on simple principles involving an understanding of the 
intrinsic reactivities of various organic functional groups. 
It is the mental correlation and sequential execution of 
2 
such principles in an unconventional or hitherto unforeseen 
permutation that attracts and delights the organic chemist. 
To an afficionado of this somewhat specialised art form, the 
difference between an elegant and a brutal synthesis is as 
poignant as that to a gourmet, between a delicious, crusty, 
home baked pie and a year old can of baked beans. One is 
unmistakably authentic and exquisite while the other is 
plain and mass produced. 
clearly, then, a creative approach to organic synthesis 
must involve a perpetual "will to imagine" since the actual 
conception of beauty is a mental one. coupled with this 
there should be an appreciation of basic principles govern-
ing various transformations, for it is the eventual applic-
ation of these that produces the initial concept's end result. 
PART 1 
A SYNTHESIS OF 
4-ISOPROPYLCYCLOHEXA-1,4-DIENECARBALDEHYDE 
3 
4 
Introduction 
· · d . l d h In a recent publication, Varo an Heinz reporte t e 
extraction of 4-isopropylcyclohexa-1,4-dienecarbaldehyde l 
from fresh whole cumin seeds. The compound was demonstrated 
to be unstable, readily oxidizing in air to 4-isopropylbenzal-
dehyde, and disproportionating during glc analysis or upon 
treatment with acidic or basic media. 
When the extraction processes were conducted on oil 
obtained from preground cumin seeds
2 hardly any l. was to be 
found at all, the main aldehydes present being 4-isopropyl-
benzaldehyde, 4-isopropylcyclohexa-1,3-dienecarbaldehyde, 
and 4-isopropylcyclohex-3-enecarbaldehyde. However, the 
maJor component of fresh whole cumin seeds is!_ (31.8%),there 
being relatively smaller proportions of 4-isopropylbenzal-
dehyde (16.4%) and only traces of 4-isopropylcyclohex-3-ene-
carbaldehyde. This tends to suggest that the apparent absence 
of l in oil from preground cumin may be brought about by the 
storing and processing of · this seed.
1 
Cumin seed is used widely as a base flavouring material 
in Indian Curries and a variety of other dishes indigenous 
to the Far Eastern countries.
3 In view of this, and in order 
to confirm characterisation of the compound obtained from 
natural sources, it seemed desirable to effect a short direct 
synthesis of l· This has been achieved with the aid of a 
nitrogen heterocycle which serves as an aldehyde protecting 
group during Birch reductions. 
5 
The biogenesis of l:_ probably involves sidechain oxidat-
ion of ~-terpinene and while this hydrocarbon has not been 
observed to any great extent in cumin oil, it is a maJor 
component of corriander seed, another important flavouring 
material used in conjunction with cumin. 
CHO 
1 
6 
Discussion 
The simplest and most effective approach to a synthesis 
of 1 involves Birch reduction of an aromatic ring containing 
some functionality capable of generating a carbaldehyde group 
after ring reduction. 
It has been shown that reaction of aromatic aldehydes 
with metal/ammonia solutions leads to reduction of the carb-
f . 1· 4 onyl unctiona ity. While protection is readily accomplished 
by conversion to an acetal derivative, this is only effective 
when the acetal is nonbenzylic. If it is benzylic then 
hydrogenolysis occurs eventually affording hydrocarbon 
. 1 5 materia. 
In an attempt to devise a suitable aldehyde protecting 
group during reduction, Birch et al5 replaced the oxygen of 
an acetal by nitrogen. The reason for this was simply that 
since fission of the C-N bond would afford a disfavoured 
anionic nitrogen fragment, the process should be inhibited. 
The success of this thought trend was demonstrated by reduc-
tion of 2-phenylimidazoline 3 (Scheme 1). The sole reaction 
Scheme 1 
HN H~ H H~ CHO 
4 5 
7 
product upon acidic workup was 2,5-dihydrobenzaldehyde s.
5 
Hence , along these lines, the first route envisaged to 1 
necessitated a facile preparation of 4-cyanoisopropylbenzene 
(Scheme 2). 
CHO 
1 
) 
Br 
Scheme 2 
CN 
( 
Bromination of isopropylbenzene in the presence of a 
halogen carrier afforded nearly pure 4-bromoisopropylbenzene 
in high yield (nmr). Attempted nucleophilic displacement of 
the ring bromine with cyanide ion using cuprous cyanide in 
refluxing dimethylformamide6 gave the cuI-cyanocompound 
complex from which it was extremely cumbersome to isolate 
4-cyanoisopropylbenzene. An alternative route to 1 was 
therefore sought. 
It is clear from Scheme 1 that the final reduction 
products of both an aromatic imidazoline (e.g.~) and the 
corresponding imidazolidine (e.g. 4) are the same. Since 
8 
aldehydes were known to condense with suitably substituted 
ethylenediamines to form imidazolidines,
7 
a route to! via 
4-isopropylbenzaldehyde was envisaged (Scheme 3). 
CHO 
1 
Scheme 3 
< 6 
NMe 
_ _..I 7 
Grignard reaction of 4-bromoisopropylbenzene with 
triethyl orthoformate8 gave a rather modest yield of 4-isop-
ropylbenzaldehyde on acidic workup (45%). It was evident 
that a portion of the bromide had remained unreactive towards 
the magnesium. Hence, in order to enhance Grignard formation, 
9 
an entrainment technique using methyl iodide was employed. 
Since this compound would eventually give rise to the very 
volatile acetaldehyde, the desired product's isolation would 
not be rendered any more tedious. The modified reaction 
brought about a marked increase in the yield of 4-isopropyl-
benzaldehyde (67%). 
Condensation of the above aldehyde with N,N'-dimethyl-
ethylenediamine proceeded smoothly without the need for acid 
catalysis. The use of an N,N'-disubstituted ethylenediamine 
was essential in order to avoid the undesirable possibili ty 
9 
of 1m1ne formation. 
The resulting imidazolidine f, upon Birch reduction 
followed by mild acidic workup, afforded 1, whose spectral 
and physical properties were identical with those reported 
for the isolated natural product. 1 The synthetic material 
also generated a strong odour very similar to that of whole 
cumin seeds. 
10 
General Experimental Details 
Melting points were determined on a Kofler block and are 
uncorrected. 
Infrared spectra were run for liquid films with a Perkin-
Elmer Infracord 257 spectrophotometer. 
Ultraviolet spectra were recorded on an Unicam SP 800 
spectrophotometer. 
Proton magnetic resonance spectra were measured with a JEOL 
MINIMAR 100 spectrometer unless otherwise stated. Tetra-
methylsilane was used as an internal reference. The following 
abbreviations apply throughout the thesis: s, singlet; d, 
doublet; t, triplet; q, quartet; m, multiplet; e, envelope; 
and b, broad. 
Mass spectra were determined using an AEI MS 902 spectrometer. 
Glc measurements were carried out on a Varian Aerograph Series 
200 machine. Helium was employed as carrier gas, the flow 
rate being 35-40 ml/min. 
Liquid ammonia was purified prior to use by distillation 
from freshly cut sodium. 
All solvent removals and distillations were carried out under 
reduced pressure unless otherwise stated. 
Drying of organic phases prior to distillation or solvent 
removal was attained with anhydrous sodium sulphate unless 
otherwise stated. 
11 
Experimental 
4-bromoisopropylbenzene: Bromine (68 g) was added over 40 
min to a well stirred suspension of isopropylbenzene (50 g) 
and iron filings (1 g) maintained at 10°c in an ice/water 
bath. A gas trap was employed for the hydrogen bromide gener-
ated and the reaction vessel was protected from sunlight in 
order to prevent sidechain bromination. After 3 hr at room 
temperature, the dark product was shaken with 2N sodium hyd-
roxide (50 ml). Ether extraction (2 x 100 ml}, solvent removal, 
and distillation afforded 4-bromoisopropylbenzene (75 g, 89%); 
{glc 2m 3% SE30, 140°c, t 2.0 min); ir 1650 and 1220 
R 
-1 
cm ; 
nmr T (CDC1 3 ) 2.85 (4H, AB q, J 32 and 10 Hz, aromatic protons), 
7.2 {lH, m, CH), and 8.8 {6H, d, J 6 Hz, 2 x Me). Only a 
trace of starting material remained (glc}. 
4-isopropylbenzaldehyde: A mixture of 4-bromoisopropylbenzene 
(50 g), methyl iodide {35.5 g), and ether (200 ml} was added 
dropwise onto magnesium turnings (12.5 g) with stirring. After 
2 hr of reflux, triethyl orthoformate (75 g, freshly distilled 
from molten sodium) was added over 15 min. The mixture was 
refluxed for 15 hr, poured onto ice-cold lN hydrochloric acid 
(100 ml) and shaken for 15 min to ensure complete decomposition 
of the formed acetal. Drying of the organic phase, solvent 
removal and distillation gave 4-isopropylbenzaldehyde (25 g, 
67%) as a pale yellow oil; 0 (glc 2m 3% SE30, 140 C, tR 2.8 min); 
. -1 ir 2720 and 1690 cm 
12 
l,3-dimethyl-2-(4'-isopropylphenyl)-imidazolidine ~: 
4-isopropylbenzaldehyde (25 g) in benzene (100 ml) was added 
dropwise to a stirred solution of N,N'-dimethylethylene-
diamine (13.5 g) in benzene (50 ml). 
0 After 2 hr at 60 C 
the organic layer was separated from the water formed, dried, 
stripped of solvent, and distilled to give~ (22 g, 69°/o); 
0 (glc 2m 3°/o SE30, 180 C, t 3.2 min); ir 2770 (N-Me), no N-H R 
or c=O bands present; nmr r (CDC1 3 ) 2.65 (4H, AB q, J 20 and 
8 Hz, aromatic protons), 7.8 (6H, s, 2 x N-Me), and 8.7 (6H, 
d, J 7 Hz, 2 x Me). 
4-isopropylcyclohexa-1,4-dienecarbaldehyde l:_: A solution 
of~ (5 g), dry tetrahydrofuran (15 ml), and anhydrous t-butanol 
(20 ml) was added to pure ammonia (250 ml). Lithium (2 g) 
was then introduced and the mixture stirred for 2 hr under 
an acetone/co2 condenser. Afte
r addition of sufficient 
methanol to discharge the blue colour, the ammonia was evap-
orated off under nitrogen. The solid residue was digested 
in water (50 ml) and ether extracted (2 x 100 ml). The total 
extract (which contained the dihydroimidazolidine 1) was 
shaken briefly with 2N hydrochloric acid (50 ml), dried, stripped 
of solvent, and distilled under dry nitrogen to afford 1 (2.5 g, 
72°/o) as a colourless oil; (Found: c, 79.06; H, 9.41; c 10H14o 
requires C, 79.8; H, 9.34); 0 (glc 2m 3°/o SE30, 140 C, t 3.3 R 
-1 
min); ir 2720, 1675, and 1640 cm ; uv (hexane) 212 and 248 
nm; nmr r (CDC1 3 ) 0.43 (lH, s, CHO), 3.1 (lH, bs, olefinic 
proton), 4.4 (lH, bs, olefinic proton), 7.1 (4H, bs, 2 x CH2 ), 
13 
and 8.95 (6H, d, J 6 Hz, 2 x Me). The 2,4-dinitrophenyl-
o hydrazone had rn.p. 206-209 c. 
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PART 2 
A CATALYTIC CONVERSION OF 
l-METHOXYCYCLOHEXA-1,4-DIENES 
INTO l-METHOXYCYCLOHEXA-1,3-DIENES 
14 
15 
Introduction 
Base catalysed equilibration of l-methoxycyclohexa-
1,4-dienes with the thermodynamically more stable 1,3-isomers 
has been accomplished with potassium amide in liquid arnrnonia1 
through anion formation involving the 6-position. However, 
this method presents drawbacks associated with the hazardous 
nature of potassium. Furthermore, subsequent use of the 
conjugated diene formed (for example, in a Diels-Alder reaction) 
cannot be achieved without its isolation from the liquid 
ammonia medium. 
More recently it has been shown that heating of l-methoxy-
cyclohexa-1,4-dienes with certain dienophiles in sealed 
tubes gives rise to the corresponding Diels-Alder adducts. 2 ' 3 
This is presumably brought about by 'in situ' conjugation 
of the 1,4-diene followed by subsequent reaction of the 1,3-
isomer formed with the dienophile. The technique is sometimes 
rather unattractive since conditions employed are frequently 
quite drastic, the reactants being heated in a sealed tube 
at high temperatures for prolonged periods. 
The present method does not suffer from the above draw-
backs. It is simple and has the added advantage that conjugation 
can be conducted in the presence of a suitable dienophile, 
thus giving rise to an 'in situ' Diels-Alder reaction under 
relatively mild conditions. 
16 
Discussion 
Since some dienophiles had already been shown to bring 
about conjugation of l-methoxycyclohexa-1,4-dienes to the 
· . h 3 . d bl 1,3-isomers at hig temperatures, it seeme reasona e to 
investigate the properties of dichloromaleic anhydride (DCMA) 
in this context. This substance is a powerful electron sink 
but a poor dienophile due to the steric bulk of the two 
chlorine atoms. Hence, under suitable conditions, small 
quantities of DCMA would perhaps bring about isomerisation 
of the 1,4 to 1,3-dienes without removing a significant 
proportion of the latter by Diels-Alder adduct formation. 
Preliminary experiments indicated that when 1-methoxy-
o 
cyclohexa-1,4-diene la was heated to 120 C for 2 hr with 
2-5% by weight of DCMA, excessive polymerisation occurred. 
Further work, however, showed that under similar conditions, 
but with 0.1-0.2% of DCMA, a product containing 86% of the 
1,3-diene 2a was obtained in 76% yield. The protonic acid 
toluene-E-sulphonic acid (PTS) and the Lewis acid aluminium 
chloride were also observed to be active in the same manner, 
and where more than 0.2% of either catalyst was incorporated, 
significant polymerisation occurred. 
In order to establish the general scope and simplicity 
of this method, a number of substituted l-methoxycyclohexa-
1,4-dienes was gently refluxed (120-1S0°c) with 0.1% of 
either ICMA, PTS, or aluminium chloride for ~-1 hr. In all 
cases, good yields of equilibrated products were recovered 
17 
(Table 1). Identical results were obtained when the reactions 
were carried out in refluxing 1,2-dimethoxyethane at so
0
c 
for 3-4 hr. Hence, where it was inconvenient to heat the 
1,4-diene by itself (for example, in the case of 17,17-
ethylenedioxy-3-methoxyoestra-2,5(10)-diene lf, a solid), 
dimethoxyethane appeared to be a suitable solvent. 
At this stage, catalytic conjugation of la was attempted 
at room temperature (rather than at 120-1S0°c) with the hope 
that perhaps under these milder conditions, polymerisation 
would be inhibited completely. Somewhat disappointingly, 
prolonged stirring of la with DCMA at 20°c yielded only 
unchanged la and a large amount of polymer. It was evident, 
therefore, that higher temperatures were required for efficient 
promotion of conjugation by the catalysts. 
Table 1 
1,4-diene 1,3-diene 1,3-diene 
. 
catalyst total yield in 
formed product (%) 
la 2a 84 DCMA 76% 
- -
lb 2b 73 PTS 86% 
- -
le 2c* 35 A1Cl 3 84% 
- -
le 2e 70 DCMA 84% 
-
-
lf 3f -- A1Cl 3 90% 
- -
* Some exocyclic diene 3c was also formed (see experimental). 
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OMe OMe OMe 
R3 R3 
R2 1 R2 2 3c 
a, Rl - R2 - R3 - H 
b, Rl - R3 - H, R2 - Me 
c, Rl - R2 - H, R3 = Me 
d, Rl - R3 = Me, R2 - H 
e, Rl - H, R2 - R3 - Me 
g, Rl - R2 - R3 = Me 
eMO 
3f 
OMe 
eMO X lf 
Rl 
R3 
R2 4 
a, Rl - R2 - R3 - H, X - CN 
b, Rl - R3 - H, R2 - Me, X - C02Me 
c, Rl - R3 - Me, R2 - H, X - C02Me 
d, Rl - H, R2 - R3 - Me, X - CN 
e, Rl - R2 - R3 - Me, X - co2Me 
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The proportions of 1,3 and 1,4-dienes produced by the 
present method are similar to those in the base catalysed 
procedure6 (where these have been studied). This observation 
implies that the same kinetic equilibrium must be eventually 
attained in both processes, giving rise to identical product 
mixtures. It further suggests that the catalytic process 
involves labilisation of the C(6}-proton, that which is also 
b . 'd . 1· 'd . 
7 
removed y potassium ami e in iqui ammonia. The exact 
mechanism of this proton labilisation is not yet established. 
However, it is clear that a charge transfer complex is formed 
between the enol ether moiety of the 1,4-diene, and the 
catalyst. This supposition is supported by the yellow to 
orange colouration produced on addition of catalyst, and by 
the fact that when no enol ether group is present, as in 
cyclohexa-1,4-diene and l-methylcyclohexa-1,4-diene, conjug-
ation does not occur even in the presence of 10-20% of catalyst. 
Complexing in this manner presumably increases the acidity 
of the C(6)-proton and therefore, its !ability. 
When the initial l-methoxycyclohexa-1,4-diene has a 5-
alkyl substituent, conjugation by use of any catalyst presently 
available can give rise to the exocyclic rather than the 
endocyclic 1,3-diene. However, the relative proportions of 
exo and endocyclic isomers formed appears to depend on the 
gross structure of the molecule concerned. Thus, 17,17-
ethylenedioxy-3-methoxyoestra-2,5(10}-diene lf yielded 
predominant~y the exocyclic 3,5(6)-diene 3f as judged from 
spectral data and the product's inability to form a Diels-
20 
Alder adduct with dimethyl acetylenedicarboxylate. In contrast 
with this, l-methoxy-4,5-dimethylcyclohexa-l,4-diene le 
(similar to lf in substitution pattern) did not give rise to 
any detectable exocyclic 1,3-diene (nmr), the maJor conjugation 
product being the endocyclic diene 2e (Table 1). 
Since the present procedure permits 'in situ' conjugation 
in Diels-Alder reactions, the initial 1,4-diene can be used 
directly with a dienophile, and in theory, the total diene 
rather than the equilibrium proportion is potentially capable 
of reaction. In practice, however, a minor proportion of 
unchanged 1,4-diene was usually recovered. 
As pointed out earlier, 'in situ' Diels-Alder reactions 
have been previously conducted in sealed tubes at high temp-
eratures.3 With the inclusion of small amounts of a suitable 
catalyst these very reactions are feasible at lower temper-
atures without the use of pressure equipment. The Diels-
Alder reaction of l-methoxycyclohexa-1,4-diene la with 
acrylonitrile in the presence of DCMA gave the adduct 4a in 
good yield (Table 2). However, under similar conditions but 
with exclusion of DCMA, only starting materials were recovered. 
This exemplifies the role played by the catalyst. 
Some results of 'in situ' Diels-Alder reactions are 
shown in Table 2. The regiospecificity of such additions 
. h . 8 int e sense shown has already been established. 
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Table 2 
~ 
1,4-diene catalyst dienophile product reaction yield 
time (%) * 
la DCMA CH =CH-CN 4a 15 hr 75 
- 2 -
lb PTS CH2=CH-C02Me 4b 44 hr 82 - -
ld AlC1 3 CH2=cH-C02Me 4c 20 hr 74 - -
le AlC1 3 CH =CH-CN 4d 25 hr 74 - 2 -
ls. DCMA CH2=CH-C02Me 4e 16 hr 85 -
* Based on recovered starting material. 
22 
Experimental 
For general details, see Part 1. 
rsomerisation of l-methoxycyclohexa-1,4-dienes to the 1,3-
isomers: 
l-methoxycyclohexa-1,3-diene 2a: l-methoxycyclohexa-1,4-
diene la (5 g) prepared by Birch reduction of anisole, 1 was 
heated under reflux with DCMA (5 mg) for 2 hr. Ether (50 ml) 
was added and the organic phase was washed with SN sodium 
hydroxide (5 ml). Subsequent drying, removal of ether, and 
distillation afforded a liquid (3.8 g, 76%) shown by glc to 
comprise the 1,3-diene 2a (84%) 
0 (glc 2m 3% SE30, 70 C, tR 2.2 
min); and unchanged la {16%) (t 2.6 min). R Comparisons were 
made with products obtained by base catalysed isomerisation 
of the parent 1,4-diene with potassium amide in liquid ammonia.
6 
Spectral characteristics of the product mixture were identical 
6 
with those reported. Comparable glc patterns were obtained 
when the isomerisation was effected with PTS or aluminium 
chloride in similar proportion to DCMA under the same 
conditions. 
l-methoxy-4-methylcyclohexa-1,3-diene 2b: l-methoxy-4-
o 
methylcyclohexa-1,4-diene lb (5 g) was heated to 80 C after 
which PTS (5 mg) was added. Gentle refluxing (1 hr) followed 
by direct distillation afforded a liquid (4.3 g, 86%) which 
contained as its maJor component, the 1,3-diene 2b (73%) 
(glc 2m 3% SE30, 110°c, t 2.5 min); in admixture with R 
23 
unchanged lb (27%) (tR 3.0 min). Spectral characteristics of 
6 
the product mixture were identical with those reported. 
conjugation with DCMA or aluminium chloride gave identical 
glc patterns. 
l-methoxy-3-methylcyclohexa-1,3-diene 2c: l-methoxy-5-
methylcyclohexa-1,4-diene le (5 g) was refluxed gently for 
30 min with powdered aluminium chloride (5 mg). Prolonged 
refluxing caused conversion of the 1,3-diene 2c into the 
exocyclic isomer 3c. Direct distillation gave a product 
shown by glc to comprise the 1,3-diene 2c (35%) (glc 2m 3% 
SE30, 80°c, t 1.8 min); the 1,4-diene le (40%) (t 2.2 min); R R 
and the exocyclic isomer 3c (25%) (tR 2.15 min); comparisons 
were made with products obtained by base catalysed isomerisation 
of the parent 1,4-diene with potassium amide in liquid 
ammonia. Spectral characteristics of 2c in the product 
6 
mixture agreed well with those reported. 
l-methoxy-3,4-dimethylcyclohexa-l,3-diene 2e: l-methoxy-
4,5-dimethylcyclohexa-l,4-diene le (5 g) was gently refluxed 
with DCMA (5 mg) for 1 hr. The mixture was then distilled 
to yield a liquid (4.2 g, 82%) shown by glc to contain the 
1,3-diene 2e (70%) (glc 2m 3% SE30, 100°c, t 1.6 min); and R 
some unchanged starting material le (30%) (tR 2.0 min). The 
-1 
mixture had ir 1665 and 1610 cm and showed nmr signals due 
to 2e at r (CDC1 3) 5.25 (lH, s, olefinic proton), 6.45 (3H, 
s, MeO), 7.8 (4H, s, 2 x CH2), and 8.3 (6H, s, 2 x olefinic Me). 
24 
17,17-ethylenedioxy-3-methoxyoestra-3,5(6}-diene 3f: 
17,17-ethylenedioxy-3-methoxyoestra-2,5(10}-diene lf (1 g) 
was dissolved in freshly distilled 1,2-dimethoxyethane (15 ml) 
together with powdered aluminium chloride (2 mg). After 
2 hr of reflux the solvent was removed; the residue was diss-
olved in ether (30 ml} and shaken with SN sodium hydroxide 
(5 ml). Drying and removal of ether gave a pale yellow 
semicrystalline solid (0.9 g, 90%) consisting predominantly 
of the 3,5(6)-diene 3f. The product had uv (hexane) 238 nm 
7 
(characteristic of diene type l }, and showed nmr signals 
due to 3f at r (CDC1 3 ) 4.7 (lH, d, J 4 Hz, olefinic
 proton}, 
4.8 (lH, s, olefinic proton), 6.1 (4H, s, 2 x CH2o}, and 
6.4 (3H, s, MeO). Little starting material lf remained (only 
a faint nmr signal was observed at T 5.3 corresponding to 
the olefinic proton of lf}, and no appreciable amount of 
endocyclic 3,5(10)-diene was detected (lack of absorbtion 
at 270 nm in uv
7 ). When the 2,5(10)-diene lf was fused with 
DCMA for 5 min in the absence of any solvent, identical 
spectral data was obtained from the product. 
'In situ' Diels-Alder reactions: 
l-methoxybicyclo(2.2.2)oct-5-ene-2-carbonitrile 4a: 
l-methoxycyclohexa-1,4-diene la (10 g) was refluxed with 
acrylonitrile (10 g) and DCMA (10 mg) for 15 hr. Direct 
distillation gave some unchanged diene la (1.5 g) and a 
pale yellow oil (9.5 g, 75% based on recovered starting 
material} whose spectral properties coincided with those 
3 
reported for 4a. 
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Methyl-l-methoxy-4-methylbicyclo(2.2.2)oct-5-ene-2-carbox-
ylate 4b: l-methoxy-4-methylcyclohexa-1,4-diene lb (3 g) 
was refluxed with methyl acrylate (5 g) and PTS (3 mg) for 
44 hr. Distillation afforded a forerun of unchanged diene 
lb (0.5 g) and the bicycle-ester 4b (3.5 g, 82% based on 
0 
recovered starting material); (glc 2m 3% SE30, 140 C, tR 2.5 
min); (Found: C, 68.5; H, 8.6; c12H18o3 requires C, 68.5; 
-1 H, 8.6%); ir 1730 cm ; runr r (CDC1 3 ) 3.8 (2H, m, olefinic 
protons), 6.45 (3H, s, co2M~), 6.65 (3H, s, MeO), and 9.0 
(3H, s, Me). 
Methyl-l-methoxy-5,7-dimethylbicyclo(2.2.2)oct-5-ene-2-
carboxylate 4c: l-methoxy-3,5-dimethylcyclohexa-l,4-diene 
ld (10g) was refluxed with methyl acrylate (12 g) and aluminium 
chloride (10 mg) for 20 hr. Distillation afforded some 
unchanged diene ld (3.1 g) and the bicycle-ester 4c (8 g, 74% 
0 
based on recovered starting material); (glc 2m 3% SE30, 160 C, 
tR 1.3 min); (Found: c, 70.0; H, 9.1; c13H20o3 requires C, 
69.6; H, 9.0%); ir 1730 -1 cm ; runr r (CDC1 3 ) 4.2 (lH, m, olefini c 
proton), 6.4 (3H, s, co2Me), 6.7 (3H, s, MeO), 8.2 (3H, bs, 
olefinic Me), and 9.15 (3H, d, J 6 Hz, Me). 
l-methoxy-4,5-dimethylbicyclo(2.2.2)oct-5-ene-2-carbonitrile 4d: 
l-methoxy-4,5-dimethylcyclohexa-l,4-diene le (5 g) was refl uxed 
with acrylonitrile (6 g) and aluminium chloride (5 mg) for 25 
26 
hr. Distillation gave a forerun of unchanged diene le (0.8 g) 
and the bicyclo-nitrile 4d (4.5 g, 74% based on recovered 
starting material); 0 (glc 2m 3% SE30, 180 C, t 1.7 min); R 
(Found: c, 75.2; H, 9.2; N, 7.3; c 12H17No requires C, 75.35; 
H, 9.05; N, 7.3%); ir 2240 -1 cm ; nmr r (CDC1 3 ) 4.05 (lH, bs, 
olefinic proton), 6.6 (3H, s, MeO), 8.25 (3H, d, J 2 Hz, 
olefinic Me), and 8.9 (3H, s, Me). 
Methyl-l-methoxy-4,5,7-trirnethylbicyclo(2.2.2)oct-5-ene-2-
carboxylate 4e: l-methoxy-3,4,5-trimethylcyclohexa-l,4-diene 
.!Si (27.5 g) was refluxed with methyl acrylate (35 g) and 
IXMA (25 mg) for 16 hr. Distillation gave unchanged diene lg_ 
(9.25 g) and the bicycle-ester 4e (24.8 g, 85% based on reco-
o 
vered starting material); (glc 2m 3% SE30, 205 C, t 1.6 min); R 
(Found: M+= 238.156800; c 14H22o 3 requires M+ 238.156899); ir 
-1 
1730 cm ; nmr r (CDC1 3 ) 4.0 and 4.2 (lH, bs, olefinic proton), 
6. 4 ( 3H, s, co 2Me) , 6. 7 ( 3H, s, Meo) , 8. 2 5 ( 3H, d, J 2 Hz, 
olefinic Me), 8.95 (3H, s, Me), and 9.3 (3H, d, J 6 Hz, Me). 
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PART 3a 
A STEREOSELECTIVE APPROACH 
TO EREMOPHILANE SESQUITERPENES 
A SYNTHESIS OF 
(+)-NOOTKATONE AND (+)-a-VETIVONE 
28 
29 
Introduction 
The eremophilane group of sesquiterpenoids possesses 
the carbon skeleton 1 which does not conform to the isoprene 
1 
rule. 
Two representative members of this group of natural 
products are nootkatone 2 and ~-vetivone 3. 
(+}-Nootkatone was originally identified as a heartwood 
constituent of Alaska yellow cedar (Chamaecyparis nootkaten-
sis},2 and was subsequently shown to be a major bitter 
principle in grapefruit peel oil (inter alia} . 3 ' 4 In a 
survey aimed at finding the flavour threshold of natural and 
synthetic nootkatone, it was noted that concentrations of 1 
ppm in water could be detected by judges while a level of 
t h 7 d b 
.. 5 grea er tan ppm was rate as eing bitter. (+}-a-Vetivone 
. t f . · 1 6 ' 7 . 1 is a constituen o vetiver oi used extensive yin 
perfumery. The commercial interest in these compounds has 
8-10 
already resulted in three total syntheses of (+}-nootkatone 
d ( } . 10, 11 . an two of + -a-vetivone as well as two partial syntheses 
12,13 
of (+)-nootkatone. 
30 
Most synthetic approaches to construction of the 
eremophilane skeleton have relied on the Robinson annelation 
t
. 9,10,11,14,15 
reac ion. However, the crucial stereospecific 
establishment of the cis-C(4), (5)-methyl groups, and in the 
case of nootkatone, the equatorial C(7)-isopropenyl function-
8-10 
ality, has presented problems in previous syntheses. 
Mixtures of epimers often resulted and it would not seem 
incorrect to suggest that a general scheme inherently giving 
rise to the stereochemistry required at the three centres in 
question was not realised. 
In contrast with previous work, the present approach 
makes use of the Diels-Alder reaction (Part 2) as a basis 
for ring construction and steric control. Such is the nature 
of the transformations involved that the various precursors 
of 2 and~ are 'locked' in the correct configuration. The 
coup de grace involves 'unlocking' of a bicyclo(2.2.2)octyl 
derivative which instantly 'snaps shut' in a different sense, 
giving rise to a single eremophilane derivative possessing 
the correct stereochemistry at C(4}, (5), and (7). 
N.B. For a published precis of the present work, see 
reference 16. 
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Discussion 
Tertiary carbinols (e.g. 4) obtained from the 
corresponding bicyclo-esters (Part 2 of this thesis) by 
Grignard reaction, for example, have been shown to undergo 
. . 17 ( 1) 
rearrangement in aqueous perchloric acid Scheme . 
Scheme 1 
MeO 
OR 
4 5 
The governing criterion of such transformations must 
be the loss of strain associated with rupture of the bicyclo-
(2.2.2)octyl ring system and the favourable entropy factor 
incurred. 
Prolonged contact of i with acid causes hydration of 
the isopropylidene double bond, this being followed by 
intramolecular Michael addition leading to compound 6.
17 
0 
In order to mitigate formation of~ rearrangement was 
attempted with a catalytic quantity of boron tribromide in 
dichloromethane. As expected, the sole reaction product 
32 
under these anhydrous conditions was the cyclohexenone 5. 
other Lewis acids such as boron trichloride and boron 
trifluoride-etherate were also observed to effect the 
transformation, which in all cases merely involved stirring 
of the particular reagents at room temperature for a suitable 
period of time. 
The truly fascinating if disguised potential of the 
above sequence was associated with the directing influence 
that might be exerted on the configuration of various 
substituents in the final product. The Diels-Alder reaction 
between l-methoxy-3,4,5-trimethylcyclohexa-l,3-diene and 
methyl acrylate (previously carried out, see Part 2) serves 
to illustrate this point. Of the two stereoisomeric adducts 
land 10, formation of l would be expected to have predominated 
if not occurred exclusively. The reason for this is simply 
that the transition state giving rise to 7 incurs less steric 
congestion than that associated with formation of 10 (see below). 
7 
10 
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As a result of this selectivity, eventual transformation 
of ester 7 to the carbinol 8 and thence the dienone 9 would 
force the adjacent methyl groups of~ to adopt a cis steric 
relationship (Scheme 2). 
Scheme 2 
7 
8 9 
10 ) 
11 
It is almost as though the system (diene and dienophile 
in this case) was allowed to react in the manner 'it liked 
best' only to eventually afford, as a result, a compound 
that possessed a relatively disfavoured configuration, one 
that might be difficult to obtain by other methods. It also 
seems important to point out that the C(S)-quarternary centre 
of 9 is attained effortlessly through the Diels-Alder reaction 
and as a result, the possibility of epimerisation at C(S) 
(to give the trans-dimethyl compound 11) is ruled out. 
These features all stem from the choice of starting mat-
erials, a consideration of the Diels-Alder transition state, 
and the nature of the ring opening to give 9. However, the 
really special ingredient in the above processes is the fact 
that they are a function of the system itself rather than 
34 
the results of externally imposed modifications. 
At this stage, the intriguing possibility of projecting 
the previous result to a general synthesis of eremophilane 
sesquiterpenoids had manifested itself. It was conceived 
that the trienone 12 obtained either directly or indirectly 
from i, might undergo acid catalysed ring closure to 
nootkatone 2 (Scheme 3). 
Scheme 3 
12 
Clearly, the success of such a process would strikingly 
portray the synthetic utility of the bicyclo(2.2.2)octyl 
H 
system, and serve as a complement to the previously discussed 
transformations. More significant, perhaps, is the fact that 
it would represent a completely different approach to eremo-
philanes such as~' from those based on the Robinson annelation 
. 9 10 14 
reaction. ' ' These previous syntheses depended on the 
one condensation for basic ring construction and steric 
control. As pointed out earlier, the latter criterion was 
never achieved specifically in the case of nootkatone. For 
example, in one approach, based on the condensation of 2-
carbomethoxy-4-ethylidenecyclohexanone with trans-pent-3-en-
9 2-one, a mixture of stereoisomers was formed (following 
diagram) from which the required cis compound had to be 
35 
separated by fractional crystallisation. 
+ 
Another interesting synthesis of l was based on the con-
densation of 2-methyl-4-isopropenylcyclohexanone with trans-
10 pent-3-en-2-one. While this process did allow establishment 
of the cis-dimethyl part structure of 2, the final product was 
7-epi-nootkatone 13 (see below) owing to steric interactions 
arising in the reaction's transition state.
10 
+ 
In contrast with these previous approaches, the presently 
contrived route to 2 seemed inherently capable of generating 
the required stereochernistry due to the very nature and 
integral character of its transformations. The Diels-Alder 
reaction, the ring opening and closing, are all individual 
processes each allowing establishment of a particular structura l 
feature, but it is their correlation and combined sequence of 
application that could culminate in a synthesis of£· 
It would be reasonable to expect cyclisation to proceed 
in the sense shown in Scheme 3, giving rise to the required 
36 
configuration at C(7). The alternative mode of ring closure 
(Scheme 4) gives rise to 7-epi-nootkatone 13. However, as 
a result of the severe steric interactions brought about 
between the pseudo axial C(S)-methyl group and the isopropyl -
idene functionality, this process would not be expected to 
occur to any great extent~ 
Scheme 4 
12 13 
A number of approaches aimed at a synthesis of 12 were 
considered. The first involved direct functionalisation of 
the olefinic methyl group of 9. In acidic medium this methyl 
group was known to act as a nucleophile through dienol 
f . 18 ormation. Therefore, condensation with formaldehyde 
might lead directly to the required compound (Scheme 5). 
Scheme 5 
~~H 
9 R \J // 
12 
IC) 
H 
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However, attempted reaction of dienone 9 with either 
excess paraformaldehyde or formalin solution in the presence 
of both protic and Lewis acids, invariably led to recovery 
. . h d'f' . 41 of starting materials. Mannie type mo i ication was 
equally unsuccessful. 
Any attempts to selectively functionalise the olefinic 
methyl group of 9 by allylic activation would have clearly 
resulted in frustration since a number of other allylic 
sites also existed. A different approach was therefore 
considered based on the bicyclo-diene 16. Acid catalysed 
rearrangement of this compound would initially lead to 12 
which might instantly recyclise 'in situ' to las discussed 
previously. Thus, 12 would be generated as a transient 
species rather than an isolatable compound. 
The basic route formulated for obtainment of 16 (Scheme 6) 
req~ired a synthesis of the bicycle-aldehyde 14. 
Scheme 6 
MeO 
H 
Me OMe 
• 
14 15 16 
A credible approach to 14 might have been based on the 
Diels-Alder reaction between diene 19 (incorporating a suitable 
aldehyde protecting group19 ) and methyl acrylate (Scheme 7). 
Unfortunately, however, 19 is only one of two possible 
reduction products of the aromatic precursor 18. The other 
0 
38 
Scheme 7 
MeO 0 
--+ 
OMe X 
/ 19 0 
X 
17 
~ OMe MeO 
( X ~)) ---. ~ X 
Me 
20 21 
isomer 20 would eventually give rise to adduct 21 of no use 
to the present purpose. Apart from this objection, the 
anisole 17 was not commercially available and its facile 
preparation could not be envisaged. 
Me 
Me 
The bicyclo-ester l appeared to present a more attractive 
proposition for attainment of 14 since oxidation of its olef-
inic methyl group might be achieved selectively due to the 
absence of any other allylic position. Again, the really 
drawing aspect of this approach was the fact that it depended 
on a property inherent to the system itself (i.e. the singular 
exposed allylic site). The desired result might now be 
achieved with a minimum of effort since ester 7 was, as it 
were, 'tailor made' to suit the required oxidation. Moreover, 
3,4,5-trimethylphenol, the essential precursor of 7, was 
readily available from commercial sources. 
39 
A recent report20 claimed that allylic methylene 
groups could be oxidized directly to carbonyl groups upon 
irradiation in the presence of N-bromosuccinimide and 
aqueous tetrahydrofuran. Application of this process to 
ester 7 gave the corresponding bromide 23 in good yield 
but not a trace of the aldehyde 14 (nmr). 
Me 
OMe 
Br 23 
While it was evident that conversion of 23 to 14 could 
be accomplished by dimethylsulphoxide oxidation,
21 
the 
possibility of a one-step transformation of l to 14 presented 
far more appeal. This aesthetically pleasing result was 
attained with selenium dioxide in refluxing dioxan.
22 The 
selenium generated in such reactions has been known to cause 
23 
separation problems but in the present case, slow distillati on 
afforded reasonably pure 14. 
The general mechanism of selenium dioxide oxidation is 
unclear. 
24 
In an attempt to explain Guillemonat's rules, 
h f . . . 1 . d. 25 some aut ors avour ionic rather than radica interme iates. 
1 f h 'd . 26 ' 27 h d d b However, recent examp es o sue oxi ation s e out 
on the universal tenability of Guillemonat's rules, and it 
would seem that mechanistic generalisations hitherto proposed 
for the course of this reaction are questionable. In format i on 
of 14 the author favours a radical pathway (Scheme 8) since 
t . f h . . 
25 
. 11 1 . 1 opera ion o t e ionic process appears sterica y un 1ke y . 
However, it seems important to establish that Scheme 8 merely 
40 
offers a simple elctronic model rather than a thorough 
and tenable representation of the mechanism. 
Scheme 8 
OMe Me 
Sodium chromate has been observed to bring about 
oxidation of fl-steroids to the corresponding /i-7-keto-
.d 2s steroi s. However, use of this reagent in the above 
sequence might have incurred the risk of further oxidation 
of 14 to a carboxylic acid. This type of oxidation was not 
caused by selenium dioxide so that it seemed to be the reagent 
of choice for effecting conversion of 2 to 14 despite the 
obnoxious stenches liberated on reaction workup. 
Wittig reaction of 14 with methylenetriphenylphosphorane29 
in the usual way gave rise to a mixture of diene 15 and 
unchanged starting material. This seemed strange since a 
slight excess of the Wittig ylide was employed. Repetition 
of the procedure on the product mixture above gave pure 15 
in modest yield {35%). Clearly, the vicinity of the 
carbaldehyde functionality of 14 was sterically congested 
and a,{3 -unsa tura tion further decreased its reactivity. 
Nevertheless, these considerations did not seem to provide 
adequate grounds for being satisfied with the reaction as 
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it was, and deeper investigations were conducted. 
Incomplete conversion of 14 to 15 could have been the 
result of using wet triphenylmethylphosphonium bromide during 
ylide formation. Hence, the reagent was thoroughly dried 
and used in a test reaction with an equivalent quantity of 
benzaldehyde. Glc showed that complete conversion to styrene 
had occurred implying that ylide formation was proceeding 
efficiently. 
This result strongly suggested that the ester group of 
14 was somehow interacting with the ylide. While it was 
generally believed that phosphonium ylides were inert to 
such functionalities, a literature survey revealed instances 
where methylenetriphenylphosphorane was observed to react 
30,31 
with the carbonyl group of esters. In order to establish 
that this type of process was occurring in the present case, 
ester 7 was added to two equivalents of methylenetriphenyl-
phosphorane, followed by two equivalents of benzaldehyde. 
As expected, the product contained a 1:1 ratio of unchanged 
benzaldehyde and styrene showing that 7 had reacted with one 
equivalent of the ylide (Scheme 9). 
Scheme 9 
Me 
7 
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One possibility for overcoming the inconvenience caused 
by this side reaction would have involved prior conversion of 7 
into the carbinol .§_ followed by selenium dioxide oxidation 
to give the aldehyde 22. Subsequent protection of the 
hydroxyl group of 22 followed by Wittig reaction would lead 
to the required diene 16. 
OMe 
H H 
8 
However, the critical drawback of this sequence lay in 
the difficulty associated with protection of the carbinol 22. 
. k32 d Unfortunately, previous wor had shown that unprotecte 
hydroxyl functions could cause a reduction in the yield of 
Wittig product. 
A far simpler approach to a solution was based on a 
consideration of the reaction course itself. The usual 
H 
procedure (and that carried out on 14) involved addition of the 
b 1 d h l .d 29 car ony compoun tote y i e. Obviously, at any time 
during addition, an excess of methylenetriphenylphosphorane 
prevailed so that both the carbaldehyde and ester function-
alities of 14 were open to attack. Since only one equivalent 
of ylide was present, it is hardly surprising that the reaction 
product was significantly contaminated with starting material. 
In view of this, it was felt that slow inverse addition 
(ylide to 14) would enhance selectivity of ylide attack, 
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hopefully in favour of the carbaldehyde group. This alter-
ation raised the yield of 15 (50%), and the small proportion 
of unchanged aldehyde 14 that remained was easily separated 
by chromatography. 
Stirring of 15 with excess ethereal methyl lithium at 
room temperature afforded 16 in high yield. Methylmagnesium 
iodide could also be employed to effect the transformation, 
but in this case the reaction proceeded more slowly so that 
prolonged refluxing in ether was necessary. 
Treatment of 16 with a catalytic quantity of boron 
tribromide in dichloromethane gave rise to a complex mixture 
of nonvolatile products (glc). This result was extremely 
frustrating. Nevertheless, since the initial ring opening 
of carbinols such as 16 was known to occur readily (Scheme 1), 
it seemed very likely that the trienone 12 had actually been 
formed under the reaction conditions above, but that further 
cyclisation of 12 to nootkatone 2 (Scheme 3) had not occurred. 
Formic acid has been observed to bring about cyclisation 
f . 11 l . l h l d l · d · · 3 3 ' 34 o certain a y ic a coos to eca in erivatives. In 
all cases ring closure appears to have been assisted by 
formate ion. Since the salient electronic features of 12 
were in a sense similar with those of the compounds success-
£ 11 1 . d 33,34 . . . . 'd u y eye ise, reaction of diene 16 with formic aci 
was attempted. Mild alkaline hydrolysis of the resulting 
ester 24 gave the alcohol 25 whose spectral properties were 
identical with those reported for ll-hydroxy-11,12-dihydro-
10 
nootkatone. The transformations giving rise to this very 
44 
pleasing result are represented by Scheme 10. 
Scheme 10 
16 
24, X - CHO 
25, X - H 
The success of the previous reaction was presumably 
associated with the ability of formic acid to simultaneously 
behave as a proton source and a carbon nucleophile. This 
latter property enhanced ring closure of 12 through the 
isopropylidene group, as expected. 
In trans-C(4), (5)-dimethyl eremophilanes the nmr signal 
of the C(5)-methyl group is shifted up to 30 Hz upfield 
. h h d' . . 10 wit respect tote correspon ing cis isomers. Since no 
such signal could be detected in the nmr spectrum of 25, the 
Diels-Alder reaction giving rise to ester 7 was stereoselective 
as pointed out previously. 
10 Boelens et al had reported a method for conversion of 
25 into nootkatone ~' which involved prolonged refluxing of 
the former compound with excess acetic anhydride in pyridine. 
This method did not prove fruitful in the author's hands even 
when the recommended reflux periods were doubled and the 
reagents thoroughly dried. The only recoverable product was 
the corresponding acetate (25, X = CH3co). This suggested 
that the temperature required for elimination of acetic 
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acid to give I was higher than the boiling point of pyridine 
(115°c). Furthermore, since the initial product of formic 
acid rearrangement was, infact, the formate ester 24, it 
seemed desirable to effect direct elimination of this compound 
rather than go through the rigmarole of hydrolysis and 
esterification to the acetate. Hence, 24 was stirred in 
refluxing collidine (boiling point 172°c} for 20 hr. The 
resulting product consisted largely of starting material 
but some elimination to give I had occurred. This was easily 
deduced from the nmr spectrum of the mixture since the 
isopropenyl group of I gave rise to a characteristic singlet 
at TS.32 (olefinic protons}. 
In order to facilitate elimination, neutral alumina (30% 
by weight with respect to ester 24} was incorporated in the 
collidine reaction. Alumina was known to assist dehydration 
of alcohols to the corresponding olefins, 35 presumably by 
a surface binding effect. As expected, refluxing of 24 in 
this manner caused complete elimination to a mixture of 
nootkatone I (75%} and a-vetivone 3 (25%}. The relative 
proportions of 2 and 3 present were again deduced from the 
- -
nmr spectrum of the product mixture since the isopropenyl 
group of I showed a singlet (2 olefinic protons) whereas the 
isopropylidene group of]_ gave no such signal. When 24 was 
heated with alumina in the absence of collidine, the maJor 
product was a-vetivone (75%) possessing spectral properties 
·d t· 1 · 36 i en ica with those reported. 
These results suggest that the initial elimination 
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product on alumina was nootkatone. In the presence of 
collidine most of the formic acid generated 'in situ' would 
have been removed by salt formation so that little acid 
10 
catalysed isomerisation of 2 to 3 could have occurred. 
However, in the absence of collidine, the formic acid 
produced presumably remained bound to the alumina thereby 
effecting conversion of nootkatone into a-vetivone. Since 
~and~ were noted to be stable during high temperature 
glc analysis, their thermal interconversion did not occur. 
No 7-epi-nootkatone 13 could be detected by careful 
1 . f h 1· . . d 
37 h . h h nmr ana ysis o tee imination pro uct, sowing tat t e 
final ring closure step of Scheme 10 was stereospecific, as 
suggested earlier. 
A pure sample of (+)-nootkatone I, obtained from the 
elimination product by preparative glc was shown to be 
spectrally identical and superimposible on glc with an 
38 
authentic sample. Furthermore, when both the synthetic 
and authentic materials were tasted by the author and Professor 
A.J. Birch, they could not be differentiated. 
Finally, a modification of the present route to 2 was 
considered, which, it was hoped, might improve the overall 
yield. Treatment of aldehyde 14 with excess ethereal methyl 
lithium gave rise to the diol 26. If this compound would 
dehydrate, rearrange, and cyclise in formic acid (Scheme 11), 
then the Wittig reaction of the present route would be avoide d. 
Stirring of 26 with formic acid gave rise to a product 
which consisted predominantly of the ester 27. In view of 
Scheme 11 
26 12 
CHO 
I 
H-0 ~ 
4 7 
24 
this result, the failure of the new approach to give 24 
became apparent through a detailed consideration of the 
possible fates of 26 in formic acid (Scheme 12). 
Scheme 12 
H 
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30 
26 29 OH 
H 
24 
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Clearly, if cation formation preceeded ring opening, 
then the resulting allylically stabilised carbocation 28 
(eventually giving rise to 24) would be readily formed. If, 
on the other hand, ring opening of 26 to 29 was the initial 
process, then subsequent carbonium ion formation to give 30 
would not be expected to occur readily due to the destabilising 
effect of the a-enone system. The latter fate is evidently 
suffered by 26, and the observed product 27 simply arises 
via formylation of 29. 
Useful extensions of the present route to nootkatone 
and a-vetivone can be envisaged. For example, reduction of 
nootkatone with lithium aluminium hydride/aluminium chloride
39 
would give valencene 31, a flavour component of orange peel 
·1 40 Ol . Similar reduction of ll-hydroxy-11,12-dihydronootkatone 
25 would afford valerianol 32, a component of Ligularia 
42 Fischeri Turcz { 1 0takarako 1 in Japanese) . 
.. Jl 
31 32 
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Experimental 
For general details, see Part 1. 
3 , 4 , 5-trimethylanisole: In a three-necked round bottomed 
flask fitted with a mechanical stirrer, there was placed a 
solution of sodium hydroxide (20 g) in water (30 ml). 3,4,5-
trimethylphenol (66 g) in acetone (200 ml) was then added 
slowly with stirring. When addition was complete, freshly 
distilled dimethyl sulphate (63 g, 48 ml) was introduced 
through a dropping funnel over a period of 30 min. The 
mixture was stirred and gently refluxed for 15 hr after 
which the organic layer was separated. The remaining solid 
wa s dissolved in water (100 ml), ether extracted (2 x 100 ml), 
and the combined organic layer was dried, stripped of solvent, 
and distilled to give 3,4,5-trimethylanisole (69 g, 94%) as 
-1 
a colourless oil; ir 1610 and 1590 cm , no band at 3500 
-1 
cm ; 
nmr , (CDC1 3 ) 3.4 (2H, s, aromatic protons), 6.3 (3H, s, Meo), 
7.8 (6H, s, 2 x aromatic Me), and 8.0 (3H, s, aromatic Me). 
l-methoxy-3,4,5-trimethylcyclohexa-l,4-diene: A solution of 
dry tetrahydrofuran (100 ml), anhydrous t-butanol (100 ml), 
and 3 , 4,5-trimethylanisole (31 g) was added slowly to liquid 
ammonia (1 1) with stirring. Freshly cut lithium ribbon (13 g) 
was then introduced over 30 min in order to prevent excessive 
frothing. The mixture was allowed to reflux under an acetone 
/co2 condenser for 6 hr after which methanol 
was carefully 
squirted in. When all the metal had been destroyed (reaction 
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mixture turned white), the ammonia was evaporated off under 
dry nitrogen. The solid residue was digested in water {300 ml} 
and thoroughly ether extracted {3 x 200 ml). The aqueous 
layer was saturated with sodium chloride and further extracted 
(2 x 100 ml). Drying of the combined organic extract followed 
by solvent removal and distillation, afforded l-methoxy-3,4,5-
trimethylcyclohexa-l,4-diene (28.3 g, 90%) as a colourless 
oil; ir 1690 and 1660 cm-1 ; nmr r (CDC1 3 ) 5.45 {lH, d, J 3 Hz, 
olefinic proton), 6.45 {3H, s, MeO), 8.35 {6H, bs, 2 x olefinic 
Me), and 8.95 {3H, d, J 6 Hz, Me). 
Methyl-l-methoxy-4,5,7-trimethylbicyclo(2.2.2)oct-5-ene-
2-carboxylate l= This compound was prepared in 85% yield 
by Diels-Alder reaction of methyl acrylate and l-methoxy-
3,4,5-trimethylcyclohexa-l,4-diene, as previously described 
(page 26). 
2-(l-hydroxy-l-methyl-ethyl)-l-methoxy-4,5,7-trimethyl-
bicyclo(2.2.2)oct-5-ene ~: Ester l (3 g) was stirred in dry 
ether (25 ml) under a slow stream of dry nitrogen. Ethereal 
methyl lithium (20% in excess of two equivalents) was added 
dropwise and stirring was maintained for 3 hr at room 
temperature. After this, the mixture was poured slowly onto 
cold water (30 ml), shaken, and the ethereal phase separated 
off. The aqueous layer was saturated with sodium chloride 
and thoroughly ether extracted (3 x 40 ml). The total organic 
extract was dried, stripped of solvent , and column chromato-
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graphed on silica with chloroform as eluent to afford the 
bicyclo-alcohol ~ (2.7 g, 90%) as a pale yellow oil; {glc 2m 
0 -1 3% SE30, 200 C, t 1.9 min); ir 3500 cm , only a minor 
R 
-1 
absorbtion at 1730 cm ; nmr T (CDC1 3 ) 4.0 (lH, m, olefinic 
proton), 6.6 (3H, s, MeO), 8.25 (3H, bs, olefinic Me), 8.9 
(3H, s, Me), 9.0 (6H, s, 2 x Me), and 9.25 {3H, d, J 6 Hz, Me). 
A small amount of unchanged ester 7 was also recovered. 
4-(isopent-2-enyl)-3,4,5-trimethylcyclohex-2-en-l-one 9: 
To a solution of alcohol~ (2.5 g) in dichloromethane (50 ml), 
there was added boron tribromide (0.2 ml). After the initial 
exothermic reaction had subsided, the reaction flask was 
stoppered and the contents stirred at room temperature for 
3 hr. The reaction mixture was then shaken with 20% sodium 
hydroxide solution (10 ml) and ether extracted (3 x 50 ml). 
Subsequent drying of the organic phase followed by ~olvent 
removal and column chromatography on silica with chlorofoYm 
as eluent, afforded the cyclohexenone 2_ (1.55 g, 70%); (glc 
2m 3% SE30, 200°c, t 2.0 min); ir 1665 and 1615 
R 
-1 
cm ; nmr T 
(CDC1 3 ) 4.0 (lH, s, olefinic proton), 5.0 {lH, bro, olefinic 
proton), 8.05 (3H, s, olefinic Me), 8.30 (3H, s, olefinic Me), 
8.38 (3H, s, olefinic Me), 8.9 (3H, s, Me), and 9.05 {3H, d, 
J 6 Hz, Me). 
Attempted condensation of 9 with formaldehyde: 
(a) Aqueous conditions: A solution of the cyclohexenone 9 
(200 mg) in tetrahydrofuran (10 ml) was stirred with 30% 
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formalin (6 ml) and perchloric acid (5 drops) for 15 hr at 
room temperature. The mixture was then shaken with 20% 
sodium hydroxide solution (10 ml) and ether extracted (3 x 20 ml). 
Drying and solvent removal gave unchanged starting material 
(nmr, glc). 
(b) Mannich modification: A solution of the cyclohexenone 
~ (200 mg) in ethanol (10 ml) was stirred and refluxed with 
300/o formalin (1 ml), diethylamine (0.8 g), and concentrated 
hydrochloric acid {3 drops) for 15 hr. After solvent removal, 
the residue was taken up in ether (100 ml) and shaken success-
ively with lN hydrochloric acid (10 ml) and 20% sodium 
hydroxide solution (10 ml). Drying and solvent removal gave 
unchanged starting material. 
(c) Nonaqueous conditions: A solution of the cyclohexenone 
9 (200 mg) in dichloromethane (15 ml) was stirred and refluxed 
with paraformaldehyde (1 g) and boron tribromide (0.2 ml) 
for 15 hr under dry nitrogen. Subsequent filtering of the 
reaction mixture followed by alkaline workup as in (a) afforded 
unchanged starting material. 
Methyl-5-(bromomethyl)-l-meth-Oxy-4,7-dimethylbicyclo(2.2.2)oct-
5-ene-2-carboxylate 23: Ester]_ (1 g) was stirred with 
tetrahydrofuran (25 ml), water (2 ml), and powdered calcium 
carbonate (0.85 g). N-bromosuccinimide (1.9 g, freshly 
crystallised from cold water) was introduced and the mixture 
irradiated for 1 hr at room temperature with a Phillips 250 
watt reflector lamp. Saturated sodium bicarbonate solution 
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{30 ml) was then added, and subsequent ether extraction (3 x 
50 ml), drying, and solvent removal gave a red oil (1.15 g). 
Column chromatography on silica with chloroform as eluent 
afforded the bicyclo-bromide 23 (0.8 g, 73% based on 200 mg 
recovered ester I); {glc 2m 3% SE30, 205°c, t 3.3 min); 
R 
mass spectrum: 2 peaks of approximately equal intensity at 
-1 -1 
m/e 316 and 318; ir 1730 cm , no bands at 2720 and 1685 cm . 
Methyl-l-methoxy-4,7-dimethylbicyclo(2.2.2)oct-5-ene-5-
carbaldehyde-2-carboxylate 14: Ester 7 (10 g) was dissolved 
in 1,4-dioxan (130 ml) and refluxed for 16 hr with selenium 
dioxide (5 g). After cooling, the reaction mixture was 
filtered and the solvent removed. The dark red product was 
dissolved in ether (150 ml) and refiltered. Solvent removal 
followed by slow distillation through a short Vigreux column 
afforded the bicyclo-aldehyde 14 (7.7 g, 70%) as a viscous 
oil; ( 0 ° . ) ( + 2 glc 2m 3% SE30, 205 C, t 2.6 min; Found: M = 25 . 
R 
136164; c14H20o4 requires M+ 252.136195); ir 2710, 1730, and 
-1 1685 cm ; nmr T (CDC1 3 ) 0.4 (lH, s, CHO), 2.7 (lH, s, olefinic 
proton), 6.4 (3H, s, co2Me), 6.6 (3H, s, MeO), 8.6 (3H, s, Me), 
and 9.3 (3H, d, J 6 Hz, Me). Refluxing periods shorter than 
16 hr led to incomplete oxidation of the initially formed 
alcohol. Some orange colloidal selenium persisted in the 
distilled product 14, and attempts to remove this by column 
chromatography on silica or alumina failed. 
Methyl-5-vinyl-l-methoxy-4,7-dimethylbicyclo(2,2.2)oct-5-
--
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ene-2-carboxylate 15: 
(a) Normal order of reagent addition in Wittig reaction: 
Triphenylmethylphosphonium bromide (13 g) was added in 3 g 
portions ton-butyl lithium (1 equivalent) in dry ether 
(250 ml}, with stirring under nitrogen. After 2 hr at room 
temperature, aldehyde 14 (7.5 g) in ether (50 ml} was 
introduced dropwise to the orange ylide solution and stirring 
was maintained for a further 5 hr. The reaction mixture was 
filtered and the residual solid washed thoroughly with 
ether (3 x 100 ml}. Drying and solvent removal gave a crude 
product shown by glc to comprise a mixture of unchanged 14 
and a more volatile component (about 1:1). The reaction was 
repeated on this crude product. Workup followed by column 
chromatography on silica with chloroform as eluent afforded 
the bicyclo-diene 15 (2.6 g, 35%} as a colourless oil; (glc 
2m 3% SE30, 200°c, t 1.8 min); 
R 
+ (Found: M = 250.15692; 
+ -1 
c 15H22 o3 requires M 250.15690}; ir 1730 cm ; nmr , (CDcl 3 ) 
3.4-5.2 (4H, complex m, olefinic protons of ABCX system}, 
6.4 (3H, s, co2Me), 6.6 (3H, s, MeO), 8.85 (3H, s, Me), and 
9.25 (3H, d, J 6 Hz, Me). 
(b} Test reaction with benzaldehyde: To a stirred solution 
of methylenetriphenylphosphorane prepared from triphenylmethyl -
phosphonium bromide (6 g), n-butyl lithium (1 equivalent) 
and ether (100 ml}, as in (a}, there was added benzaldehyde 
(1.7 g) in ether (10 ml}. After 1 hr, filtration and solvent 
removal gave a single product shown to be styrene (glc 
comparison with an authentic sample). 
--
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(c) Test reaction with benzaldehyde and ester 7: Ester 7 
(2 g) in ether (10 ml) was added to a stirred solution of 
methylenetriphenylphosphorane prepared as in (b). After 
5 min, benzaldehyde (1.7 g) in ether (10 ml) was introduced. 
Subsequent workup gave a product comprising a 1:1 mixture 
of unchanged benzaldehyde and styrene (glc). 
(d) Inverse order of reagent addition: A solution of 
methylenetriphenylphosphorane was prepared as in (a) from 
triphenylmethylphosphonium bromide (8 g), n-butyl lithium 
(1 equivalent), and ether (100 ml). After 1 hr under dry 
nitrogen, the solution was sucked rapidly into a syringe 
and injected over 15 min onto a well stirred solution of 
aldehyde 14 (4.5 g) in ether (130 ml) under nitrogen at 
room temperature. Workup and chromatography as in part (a) 
afforded the bicyclo-diene 15 (2.2 g, 50%) whose spectral 
properties were identical with those observed in part (a). 
Only a minor proportion of unchanged aldehyde 14 was recovered 
from the column. 
5-vinyl-2-(l-hydroxy-l-methyl-ethyl)-l-methoxy-4, 7-
dimethylbicyclo(2.2.2)oct-5-ene 16: Diene 15 (3.1 g) was 
stirred in ether (40 ml) under nitrogen, and ethereal methyl 
lithium (2.5 equivalents) added dropwise. After l hr at 
room temperature, the mixture was poured onto cold water 
(30 ml), shaken, and the ethereal phase separated off. The 
aqueous layer was saturated with sodium chloride and further 
extracted (3 x 50 ml). Drying of the combined extract 
...... 
! 
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followed by solvent removal afforded the bicyclo-diene 16 
( 3 . 0 g, 96%) ; (glc 2m 3% SE30, 207°c, t 2.7 min); R (Found: 
M+ 250.19320; c 16H26o 2 requi
res M+ 250.19329); ir 3500 
-1 
cm ; nmr T (CDC1 3 ) 3.4-5.2 (4H, complex m, olefinic protons
 
of ABCX system), 5.5 (lH, bs, OH), 6.6 (3H, s, MeO), 8.9 
(3H, s, Me), 9.0 (6H, s, 2 x Me), and 9.25 (3H, d, J 6 Hz, Me). 
Attempted rearrangement of 16 to nootkatone with boron 
tribromide: The bicyclo-diene 16 (1 g) was dissolved in 
dichloromethane (SO ml) and stirred at room temperature for 
3 hr with boron tribromide (0.3 ml). The reaction mixture 
was then shaken with 20% sodium hydroxide solution (10 ml) 
and ether extracted (3 x 50 ml). Drying of the extract 
followed by solvent removal and column chromatography on 
silica with chloroform as eluent gave 150 mg of a complex 
mixture (glc). 
ll-formyloxy-11,12-dihydronootkatone 24: The bicyclo-diene 
16 (2.5 g) was stirred in formic acid (250 ml) for 1 hr at 
room temperature. Ice-cold saturated sodium hydroxide solution 
was then cautiously added, the reaction flask being frequently 
cooled in acetone/co2 to prevent b
oiling caused by the 
exothermic reaction. Addition was stopped when the mixture 
had reached about pH 9. Rapid ether extraction (4 x 200 ml), 
drying, solvent removal, and column chromatography on silica 
with chloroform as eluent, afforded ll-formyloxy-11,12-dihydro-
-l 
nootkatone 24 (1.2 g, 50%); ir 1720, 1660, and 1615 cm ; 
-
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nmr, (CDC13) 2.0 {lH, s, OCHO), 4.25 {lH, s, olefinic 
proton), 8.5 {3H, s, Me), 8.52 (3H, s, Me), 8.9 (3H, s, Me), 
and 9.0 (3H, d, J 6 Hz, Me). The yield quoted is based on 
180 mg of recovered ll-hydroxy-11,12-dihydronootkatone 25, 
presumably formed by hydrolysis during workup. 
ll-hydroxy-11,12-dihydronootkatone 25: ll-formyloxy-11,12-
dihydronootkatone 24 (1 g) was stirred at room temperarure 
with t-butanol (30 ml} and 0.5N sodium hydroxide (20 ml} for 
16 hr. The solvent was removed and water {30 ml} was added 
to the residue. The aqueous layer was saturated with sodium 
chloride and ether extracted (3 x 50 ml}. Drying of the 
extract followed by solvent removal afforded ll-hydroxy-11,12-
dihydronootkatone 25 (810 mg, 90%) as a viscous gel; ir 3420, 
1660, and 1615 cm-1 ; nmr , (CC14 ) 4.35 (lH, s, olefinic proton), 
8.86 (3H, s, Me), 8.89 (3H, s, Me), 8.93 (3H, s, Me}, and 
9.03 {3H, d, J 6 Hz, Me). The nmr spectrum was run on a 
Varian Associates HA-100 spectrometer. 
(+)-Nootkatone I= 
(a) From ll-hydroxy-11,12-dihydronootkatone 25: The procedure 
10 
carried out was identical with that reported, except that 
a 60 hr reflux period was maintained. Workup afforded 11-
acetoxy-11,12-dihydronootkatone; ir 1725, 1660, and 1615 -1 cm ; 
nmr, (CDC1 3 ) 4.3 (lH, s, olefinic proton), 8.05 {3H, s, MeCOO), 
8.6 (6H, S, 2 x Me), 8.9 (3H, s, Me), and 9.05 (3H, d, J 6 Hz, 
Me). No nootkatone was detected {absence of nmr signal at, 
--
58 
5.32 due to isopropenyl group). 
(b) From ll-formyloxy-11,12-dihydronootkatone 24: ll-
formyloxy-11,12-dihydronootkatone 24 (75 mg) was stirred 
and refluxed in pure collidine (8 ml) with neutral alumina 
(30 mg) for 16 hr. After cooling, the reaction mixture was 
shaken with SN hydrochloric acid (25 ml) and ether extracted 
(3 x 50 ml). Drying, solvent removal, and column chromatog-
raphy on silica with chloroform as eluent afforded an oil 
(48 mg, 79%). A sample of the major component (75% by nmr) 
was obtained by preparative glc with a 3m 20% SE30 column 
at 180°c on a Varian Aerograph model 90-P machine. This 
sample was observed to be spectrally identical and super-
imposible on glc with authentic nootkatone; (glc 2m 3% SE30, 
192°c, tR 4.5 min); nmr r (Ccl4 ) 4.38 (lH, s, olefinic 
proton), 5.32 (2H, s, olefinic protons), 8.28 {3H, s, olefinic 
Me), 8.89 (3H, s, Me), and 9.05 {3H, d, J 6 Hz, Me). The 
nmr spectrum was run on a Varian Associates HA-100 spectrometer. 
(+)-a-Vetivone 3: ll-formyloxy-11,12-dihydronootkatone 24 
- -
(200 mg) was heated to 240°c with neutral alumina (500 mg) 
in a Pyrex tube for 1 hr. After cooling, the alumina was 
vigorously shaken with methanol (2 x 50 ml). Filtering, 
drying, solvent removal, and column chromatography on silica 
with chloroform as eluent, afforded an oil (110 mg, 68%). 
The nmr signals due to the oil's major component (75%) were 
. d . . d f · 36 1 ent1cal with those reporte or a-vet1vone. The remaining 
25% consisted mainly of nootkatone (nmr). 
I 
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l-methoxy-2-(l-hydroxy-l-methyl-ethyl)-5-(l-hydroxy-ethyl)-
4,7-dimethylbicyclo(2.2.2)oct-5-ene 26: To a stirred 
solution of aldehyde 14 (2 g) in ether (20 ml), there was 
added ethereal methyl lithium (5 equivalents) under nitrogen. 
After 1 hr at room temperature, the reaction mixture was 
poured onto saturated sodium chloride solution (30 ml) and 
ether extracted (3 x 50 ml). Drying of the extract followed 
by solvent removal gave the bicyclo-diol 26 (1.9 g, 90%); 
-1 -1 ir 3500 cm , very little absorbtion between 1750 and 1660 cm 
4-(isopent-2-enyl)-3-{l-formyloxy-ethyl)-4,5-dimethylcyclohex-
2-en-l-one 27: Diol 26 (1.9 g) was stirred in formic acid 
(SO ml) for 2 hr at room temperature. Careful alkaline 
workup (see page 56) gave a crude product (1.6 g, 84%) which 
showed bands due to the cyclohexenone 27 at ir 1725, 1660, 
-1 
and 1615 cm ; nmr , (CDC1 3 ) 1.9 (lH, s, OCHO), 4.0 (lH, s, 
olefinic proton), 4.5 {lH, m, olefinic proton), 8.3 (3H, s, 
olefinic Me), 8.38 (3H, s, olefinic Me), 8.55 (3H, dd, J 6 
and 2 Hz, Me), 8.9 (3H, s, Me), and 9.05 (3H, d, J 6 Hz, Me). 
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-PART 3b 
APPROACHES TO A SYNTHESIS OF 
(+)-10-EPI-~-VETIVONE 
A SYNTHESIS OF 
(+)-2,3-SEC0-10-EPI-~-VETIVONE 
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Introduction 
The essential oil of vetiver owes its importance in 
the perfume industry to the presence of two sesquiterpenes, 
a-vetivone (see Part 3a of this thesis for a synthesis) and 
~-vetivone. 1 For many years ~-vetivone was thought to 
possess the azulenic structure l, and only recently was 
this disproven. 
2 
The suggested alternative structure 2 
which fitted spectral properties and the vast wealth of 
3 
chemical data on ~-vetivone and its degradation products 
was eventually established by an unambiguous 16 step synthesis.
4
' 
5 
0 
3 
1 
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2 
commercial utility together with the difficultly 
accessible quarternary centre and specific alkyl orientation, 
all render ~-vetivone an attractive target for synthesis. 
It is hardly surprising, therefore, that to date, two total 
h f 2 h b 1 . d 
516 h . h f synt eses o ave een rea ise, toget er wit one o 
the 10-epi-isomer l· 7 
The present approach to I differs from those previously 
cited in that it uses the properties of certain bicyclo(2.2.2)-
octyl derivatives as a basis for ring construction and steric 
control. The initially formulated pathway to 2 failed 
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0 0 
owing to a prominent side reaction (vide infra), and an 
alternative route was therefore contrived. Due to the 
nature of the transformations involved in this route, it 
was clear that the final product would be 10-epi-~-vetivone 2 
rather than the naturally occurring isomer 2. Nevertheless, 
on the premise that l itself might possess useful odoriferous 
properties, its synthesis was pursued. Unfortunately, this 
goal has not been achieved. However, the 2,3-seco-compound 4 
has been prepared from inexpensive, readily available 
materials, and suggestions for the final ring closure to 
give l are presented and discussed. 
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Discussion 
The initial route to 2 was based on the observation 
that bicyclo-ketones of the type~ underwent acid catalysed 
. 8,9 
rearrangement to 4-substituted cyclohexenones (e.g. 6, 
Scheme 1). Scheme l 
5 6 
0-"7 
7a 
0 
7 
,,,, 
,,, 
8 
X 
If either 5 or 6 could be functionalised to 2 (X = leaving 
group), then this compound might undergo base catalysed 
eliminative ring closure to the spiro-compound 8 which could 
be further converted to 2. From a stereochemical viewpoint, 
the 4-sidechain and adjacent methyl group in 7a would most 
probably adopt a trans steric relationship so that pseudo 
axial carbanion attack should give rise to the relative 
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configuration required for~ as shown {but vide infra). 
The bicyclo-ketone ~ was prepared by Diels-Alder 
reaction of l-methoxy-3,5-dimethylcyclohexa-l,4-diene and 
methyl vinyl ketone (see experimental section for comments 
on this reaction). Treatment of 5 with 1% perchloric acid 
in glacial acetic acid8 for 4 hr gave a mixture of starting 
material and three new compounds 9, 10, and 11, none of 
- -
which upon chromatographic separation, showed spectral 
properties expected of the cyclohexenone 6. It was apparent 
through mechanistic considerations, that these three compounds 
all actually arose from~ by further acid catalysed cyclisation 
(Scheme 2). Scheme 2 
1. (60%) 
OH 
10 (100/o) 
6 
11 {30%) 
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Attempts to prevent these cyclisations by shortening 
reaction times, using acetic acid/methanol, or catalytic 
quantities of boron trifluoride-etherate and boron tribromide 
in dichloromethane instead of perchloric acid, failed 
completely. In no case was any significant quantity of 
6 obtained, and the major product was invariably the dienone 
9. This was disappointing and certainly implied that the 
side reaction of~ to give 9 was extremely facile. 
In order to investigate the ease with which the ketonic 
methyl group of~ could be functionalised (eventually giving 
rise to 7, Scheme l), bromination was attempted with pyridinium 
hydrobromide perbromide10 and pyrrolidone-2-hydrotribromide. 11 
In both cases, the only recovered product was dienone ~, 
presumably formed through rearrangement by minor amounts of 
hydrogen bromide present. Subsequent observations showed that 
even mildly acidic reagents (e.g. m-chloroperbenzoic acid) 
brought about rapid exothermic conversion of~ to~, and as 
a result of this irrepressible process, the entire approach 
to 2 was rendered impotent. It is interesting to note that 
the same intramolecular aldol condensation has been observed 
d 'l . b . d' 12 to occur very rea 1 yin asic me ium. 
Finally, with respect to the above approach, it seems 
pertinent to mention that intermediate 7a (Scheme 1) would 
be in tautomeric resonance with its dienolate anion 7b 
(following diagram). Ring closure of such intermediates 
7 has recently been shown to afford 10-epi-~-vetivone ~, 
possibly due to steric effects directing the sidechain 
I 
......... 
7a 
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7b 
towards the face of the molecule opposite to the C(lO)-methyl 
group. 
Another approach to 2 was considered, based on Winstein's 
base catalysed cyclisation of suitably substituted phenols 
to spiro(4.5)decane derivatives. 13 Unfortunately, the route 
formulated along these lines (Scheme 3) lacked steric control 
so that the end product would probably comprise an epimeric 
Br 
2 + 3 
Scheme 3 
·; 20 Li NH3 
mixture of 2 and 3. Furthermore, entrainment modified 
Grignard reaction14 of 4-bromo-3,5-dimethylanisole (vide 
7 0 
infra) and 1,2-epoxy-4-bromobutane (prepared by action of 
~-chloroperbenzoic acid on 4-bromobutene15 ) gave back large 
amounts of 3,5-dimethylanisole and only a minor proportion 
of the required compound 12. This was not altogether very 
surprising in view of the generally low yields of products 
recorded for Grignard reactions between haloepoxides (epi-
chlorohydrin in particular) and phenyl halides. 16 Some 
high boiling by-products were also formed in the present 
case, presumably the result of side reactions involving 
h 'd b . 17 t e epoxi e romine atom. 
At this stage, a far more exciting prospect was realised. 
If the tricyclic ester 14 could be prepared by intramolecular 
condensation of a functionalised precursor 13, then the 
derived carbinol 15 would 'unfold' in acid medium (see also 
Part 3a), directly giving rise to 10-epi-~-vetivone l (Scheme 4). 
Scheme 4 
Me Me 
13 14 15 
The really exciting aspect of the above scheme was 
associated with the concept of creating a 'knotted up' system 
and then simply allowing it to 'release itself' to form the 
desired product. 
Unfortunately, models of 14 indicated severe strain, and 
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this, together with the absence of any recorded entries into 
the tricyclo(3.2.2.11 ' 4 )decane system, shed doubt on the very 
existence of 14. Moreover, attempts to methylate ester 16 
with sodium hydride/methyl iodide failed presumably due to 
the high degree of steric congestion at the carbon atom a to 
the ester. Nevertheless, this general approach was too 
attractive to abandon since it permitted facile establishment 
of the C(S)-quarternary centre and relative configuration of 
the C(lO)-methyl group required for 3. 
Me 
16 
A reasonable modification of the previous thought (Scheme 4) 
involved conversion of 13 to the carbinol 17, ring opening 
of which would afford 18. Further cyclisation might then be 
effected through the isopropylidene group to give, after 
double bond isomerisation, 10-epi-~-vetivone 3 (Scheme 5). 
Scheme 5 
17 
The synthesis of 2,3-seco-10-epi-~-vetivone 4 was 
initially undertaken for two reasons. Firstly, by virtue 
of its similarity with ~-vetivone, this compound might itself 
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possess interesting odoriferous properties. Secondly, and 
in a sense, more pertinent, the contrived route to 4 (Scheme 
6) was simple and adequately exemplified the concept of using 
a particular series of correlated transformations to reach 
an end product that might prove far more difficult to attain 
by other methods. 
Scheme 6 
Me 
> 
19 20 
The initial requirement for operation of Scheme 6 was 
a facile synthesis of 4-ethyl-3,5-dimethylanisole, and the 
readily available 3,5-dimethylanisole seemed to provide a 
good basis for attainment of this result. If direct acylation 
could be achieved in the 4-position with acetyl chloride, 
reduction of the ketone group in 21 to give 4-ethyl-3,5-
dimethylanisole would readily be accomplished with lithium 
1 . . h dr'd / 1 . . 1 . 21 a uminium y i ea uminium ch oride. Unfortunately, Friedel-
Crafts reaction of 3,5-dimethylanisole with aluminium chloride 
and acetyl chloride22 afforded the pure £-isomer 22. as shown 
by nmr. This result can be partly rationalised in terms of 
the ortho-directing transition state 23. 
In the course of various investigations, Edwards et a1 23 
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22 23 
found polyphosphoric acid to be a milder and more selective 
acylating agent than aluminium chloride. Hence, with the 
hope that 4-acylation might be preferentially induced to 
occur, 3,5-dimethylanisole was reacted with acetic anhydride 
in polyphosphoric acid. Again, the only recovered product was 
22, there being no detectable trace of 21. 
An alternative approach involved Grignard reaction of 
24 4-bromo-3,5-dimethylanisole with diethyl sulphate. The 
former compound was prepared in high yield by bromination 
o 25 
of 3,5-dimethylanisole at O Cina large excess of chloroform. 
Hardly any o-bromo product could be detected (nmr, glc). If 
high dilution was not maintained, di- and tribromination res-
ulted. Entrainment modified Grignard reaction of 4-bromo-
3,5-dimethylanisole with a 100% excess of diethyl sulphate 
afforded nearly pure 4-ethyl-3,5-dimethylanisole in high 
yield. When the mentioned excess of diethyl sulphate was 
not present, the desired product was significantly contaminated 
with 3,5-dimethylanisole. 
Birch reduction of 4-ethyl-3,5-dimethylanisole followed 
by 'in situ' Diels-Alder reaction of the product with methyl 
26 
acrylate afforded the ester 19 in good yield. Despite the 
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fact that a considerable proportion of l-methoxy-4-ethyl-
3,5-dimethylcyclohexa-l,4-diene was recovered, the reaction 
was clean and convenient since the 1,4-diene could be recycled. 
subsequent treatment of 19 with ethereal methyl lithium 
afforded the carbinol 20, which was smoothly rearranged to 
4 by boron tribromide in dichloromethane. 2,3-Seco-10-epi-
~-vetivone 4 was noted to possess a mildly pleasant odour 
but was not unfortunately considered by Givaudan-Esrolko, 
Zurich, to be of great value in an olfactory sense. 
Extension of the above route to a synthesis of 10-epi-
~-vetivone 2 required the presence of a leaving group on the 
ethyl sidechain in order to permit occurrence of the final 
cyclisation step (Scheme 5). Since the synthesis of compounds 
such as 18 (Scheme 5) appeared to be quite involved, it 
seemed desirable to contrive a simpler system that might 
still allow investigation of this ring closure step. A good 
starting point for this was the readily available 4-methoxy-
phenylacetic acid which might be successfully transformed 
into adduct 28, a suitable model for study of the required 
process (Scheme 5). 
H Me 
28 
H H 
Esterification of 24 with excess methanol and a trace 
H 
r 
Ii 
Ii 
,, 
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of acid27 afforded 25 in high yield. Lithium aluminium 
28 hydride reduction of 25 followed by Birch reduction of 
26 gave rise to alcohol 27. The lithium aluminium hydride 
step was essential since direct Birch reduction of 25 gave 
a tarry product from which 27 was not easily isolated. 
'In situ' Diels-Alder reaction of 27 with methyl acrylate 
26 in the usual way failed to give any detectable quantity 
of the adduct 28. Even when reaction times were prolonged 
and larger proportions of catalyst were employed, starting 
material was invariably recovered. The exact reason for 
failure of this reaction is unclear. However, on the premise 
that the hydroxyl group of 27 was interacting with the 
catalyst, thereby inhibiting cojugation, both the tetrahydro-
29 pyranyl ether and the 0-acetyl derivative (acetic anhydride 
30 /pyridine method ) were prepared and reacted with methyl 
acrylate. Again, only starting materials were recovered. 
These results were highly frustrating but nevertheless, they 
did suggest that in all three compounds the conjugation catalyst 
was preferentially associated with the oxygenated sidechain 
rather than the enol ether moiety. On these grounds, a 
possible solution was sought through the methyl ether 29. 
In this compound the donor properties of the sidechain would 
surely be exceeded by those of the enol ether group so that 
conjugation (and subsequent Diels-Alder reaction) should be 
brought about. 
The establishment of experimental conditions for 
methylation of 26 was somewhat troublesome. Reaction with 
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sodium/methyl iodide gave back starting material while 
treatment with diazomethane/boron trifluoride-etherate31 
effected only partial methylation despite the use of excess 
diazomethane. In the latter case recycling of the product 
(twice) brought about complete methylation but the process 
was tedious and it was clear that a portion of the diazomethane 
generated was being polymerised by boron trifluoride-etherate 
to polymethylene. Complete one-step methylation was eventually 
attained with sodium hydride and excess methyl iodide in 
32 
tetrahydrofuran. 
Birch reduction of this methyl ether followed by Diels-
Alder reaction of 29 with methyl acrylate, gave rise to 
adduct 30 as expected. Subsequent treatment of 30 with 
ethereal methyl lithium afforded the carbinol 31. 
Me 
Me 
29 30 Me 31 Me 
Rearrangement of 31 with boron tribromide in dichloro-
methane did not give rise to any detectable trace of the 
spire-compound 33, the only product being 32. Boron trifluoride 
-etherate/acetic anhydride was known to bring about cleavage 
of aliphatic ethers under mild conditions. 33 Hence, with the 
hope that the methoxy group of 32 might be converted to a 
hydroxyl functionality, and that subsequent ring closure 
(with elimination of water) would be induced to occur, 31 
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33 
was reacted with boron trifluoride-etherate/acetic anhydride. 
Unfortunately, 32 was again the only reaction product. 
By analogy with previous work (Part 3a), it was thought 
that stirring of 31 in formic acid might bring about cyclisation 
assisted by formate ion (Scheme 7). 
Scheme 7 
31 
Me OHC 
Somewhat disappointingly, the above process did not 
take place and the major reaction product was 35. This clearly 
indicated that attack of formate ion on the isopropylidene 
double bond did occur, but that the methoxy group was not 
simultaneously eliminated. The observed tetrahydrochromanone 
35 presumably arose by hydrolysis and intramolecular Michael 
addition during alkaline workup (Scheme 8). 
The previous work indicates that it should be possible 
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Scheme 8 
~ Me 35 Me 
OCHO 
to achieve the required cyclisation provided that a better 
leaving group than methoxyl is incorporated. An obvious 
approach would involve the use of a more labile hydroxyl 
protecting group so that after Diels-Alder reaction, the 
hydroxyl functionality could be easily regenerated for the 
final ring closure step. Another fruitful alternative 
might be realised by conversion of alcohol 27 to the corr-
esponding chloride (with, for example, carbon tetrachloride 
in hexamethylphosphorus triamide34). The final cyclisation 
might now be achieved via base catalysed dehydrohalogenation. 35 
.. -
I' 
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Experimental 
For general details, see Part 1. 
3,5-dimethylanisole: This compound was prepared in 95% yield 
by methylation of 3,5-dimethylphenol as previously described 
-1 (page 49); ir 1610 and 1590 cm ; nmr r (CDC1 3 ) 3.4 (3H, s, 
aromatic protons), 6.25 (3H, s, MeO), and 7.7 (6H, s, 2 x Me). 
l-methoxy-3,5-dimethylcyclohexa-l,4-diene: This compound 
was prepared in 88% yield by Birch reduction of 3,5-dimethyl-
anisole along the lines previously described (page 49); 
0 -1 (glc 2m 3% SE30, 90 C, t 1.6 min); ir 1690 and 1660 cm ; 
R 
nmr r (CDC1 3 ) 4.7 (lH, bs, olefinic proton), 5.45 (lH, d, 
J 3 Hz, olefinic proton), 6.45 {3H, s, MeO), 8.35 (3H, s, 
olefinic Me), and 8.95 (3H, d, J 6 Hz, Me). 
2-acetyl-l-methoxy-5,7-dimethylbicyclo(2.2.2)oct-5-ene ~: 
l-methoxy-3,5-dimethylcyclohexa-l,4-diene (30 g) was refluxed 
for 5 days with methyl vinyl ketone (50 g, freshly distilled 
from anhydrous calcium chloride) and DCMA (30 mg). Distillation 
through a Nester Faust spinning band column afforded the 
bicyclo-ketone ~ (15 g, 50% based on 10 g recovered 1,4-diene) 
as a pale yellow oil; 0 (glc 2m 3% SE30, 160 C, t 3.9 min); 
R 
-1 
mass spectrum: m/e 208; ir 1705 cm ; nrnr r (CDC1 3 ) 4.1 (lH, 
bs, olefinic proton), 6.65 (3H, s, MeO), 7.9 (3H, s, MeCO), 
8.2 (3H, bs, olefinic Me), and 9.15 (3H, d, J 6 Hz, Me). 
The lengthy duration and tedious workup procedure associated 
80 
with this reaction made it unattractive. Consequently, an 
alternative approach to 5 (and related bicyclo-ketones) was 
contrived and is reported in the experimental section of Part 4. 
Rearrangement of 5 with perchloric acid/acetic acid: Ketone 
~ (1.5 g) was stirred in glacial acetic acid (10 ml) with 
700/o perchloric acid (0.5 ml) for 4 hr at room temperature. 
The mixture was then carefully neutralised with saturated 
potassium carbonate solution, and ether extracted (3 x 100 ml). 
Subsequent drying and solvent removal gave a dark red oil 
which, when column chromatographed on silica with chloroform 
as eluent, afforded the hexalone 9 (first fraction, 400 mg); 
(glc 2m 3% SE30, 180°c, 
ir 1655, 1625, and 1585 
tR 4.7 min); mass spectrum: m/e 176; 
-1 
cm ; nmr ~ (CDC1 3 ) 4.0 (lH, s, olefinic 
proton), 4.35 (lH, s, olefinic proton), 8.1 (3H, s, olefinic 
Me), and 8.9 (3H, d, J 6 Hz, Me); the dione 11 (second fraction, 
210 mg); 0 0 3% SE30, 180 C, t 2.7 min); mass spectrum: R (glc 2m 
m/e 194; ir 1705 -1 cm ; nmr ~ (CDC13) 7.8 (4H, s, 2 x CH2), 
9.0 (3H, s, Me), and 9.05 (3H, d, J 6 Hz, Me); and the bicyclo-
carbinol 10 (third fraction, 70 mg); mass spectrum: m/e 194; 
-1 ir 3380, 1650, and 1625 cm ; nmr ~ (CDC1 3 ) 4.0 (lH, s, olefinic 
proton), 7.45 (lH, s, OH), 8.1 (3H, d, J 3 Hz, olefinic Me), 
8.6 (3H, s, Me), and 8.95 (3H, d, J 6 Hz, Me). Shorter reaction 
times or refluxing of~ with 25% methanolic acetic acid for 
24 hr, gave similar products in admixture with notable quant-
ities of unchanged starting material. 
" 
11 
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Attempted bromination of 5: 
(a) With pyridinium hydrobromide perbromide: Ketone 5 
(1 g) was stirred at room temperature for 3 hr with pyridinium 
hydrobromide perbromide (1.6 g) in dry tetrahydrofuran (30 ml). 
Solvent removal followed by column chromatography on silica 
with chloroform as eluent, afforded dienone 1 (550 mg) whose 
spectral properties were identical with those reported (page 
80) . 
(b) With pyrrolidone-2-hydrotribromide: Ketone~ (1 g) 
was stirred at room temperature for 3 hr with pyrrolidone-
2-hydrotribromide (2 g) in dry tetrahydrofuran (50 ml). 
Solvent removal and chromatography as above gave the hexalone 
1 (500 mg) . 
4-bromo-3,5-dimethylanisole: In a 3-necked 3 1 flask fitted 
with a mechanical stirrer, there was placed a solution of 
3,5-dimethylanisole (27 g) in chloroform (750 ml). The 
flask was immersed in an ice bath and protected from sunlight 
in order to prevent sidechain bromination. A solution of 
bromine (11.5 ml) in chloroform (750 ml) was then added 
dropwise over 3 hr with stirring, after which the reaction 
mixture was shaken with 2N sodium hydroxide (200 ml), and the 
chloroform layer separated off. Drying, solvent removal, and 
distillation afforded 4-bromo-3,5-dimethylanisole (38 g, 89°/o) 
0 (glc 2m 3% SE30, 145 C, t 2.7 min); 
R 
as a colourless oil; 
nmr ~ (CDC1 3 ) 3.3 (2H, s, aromatic protons), 6.2 (3H, s, MeO), 
and 7.6 (6H, s, 2 x Me). 
.......... 
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l,2-epoxy-4-bromobutane: 4-bromobutene (10 g) was stirred 
with ~-chloroperbenzoic acid (14 g) in dichloromethane (125 ml) 
for 20 hr at room temperature. The deposited ~-chlorobenzoic 
acid was then filtered off, and the filtrate stripped of 
solvent. The residue was taken up in ether (200 ml) and 
shaken with saturated sodium carbonate solution (50 ml). 
Drying of the ether layer followed by solvent removal and 
distillation, afforded 1,2-epoxy-4-bromobutane (7 g, 65%) 
0 
as a colourless oil; (glc 2m 3% SE30, 115 C, 
-1 -1 1r 1135 cm with no band at 1635 cm ; nmr ~ 
t 2.2 min); 
R 
(CDC1 3 ) 6.45 
(2H, t, J 6 Hz, CH2Br), 6.9 (lH, m), 7.15 (lH, t, J 4 Hz, 
methine proton), and 7.4 (lH, m), and 7.9 (2H, m, CH2 ). 
4-(2-hydroxy-4-bromobutyl)-3,5-dimethylanisole 12: 4-bromo-
3,5-dimethylanisole (2 g) and methyl iodide (1.3 g) were 
dissolved in ether (12 ml) and added to magnesium turnings 
(0.35 g) with stirring. After 3 hr of reflux, 1,2-epoxy-
4-bromobutane (2.8 g) in ether (5 ml) was introduced, and 
refluxing was continued for a further 15 hr. The reaction 
mixture was then poured onto cold saturated sodium chloride 
solution (11 ml) and ether extracted (3 x 30 ml). Drying 
of the extracts followed by solvent removal and microdistillation 
afforded 4-(2-hydroxy-4-bromobutyl)-3,5-dimethylanisole 12 
(400 mg, 15%) as a pale yellow viscous oil; ir 3420, 1600, 
and 1580 ~ (CDC1 3 ) 3.45 (2H, s, aromatic protons), 
-1 
cm ; nmr 
6.1 (lH, m, CHOH), 6.3 (3H, s, MeO), 6.5 (2H, t, J 6 Hz, CH 2Br), 
7.3 (2H, t, J 4 Hz, benzylic CH2 ), 7.7 (6H, s, 2 x Me), and 
.......... 
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8.0 (2H, m, CH2 ). Distillation also gave some 3,5-dimethyl-
anisole (800 mg). Prolonging the refluxing period from 
15 to 30 hr caused no change in the above result, and when 
a higher boiling solvent was employed (tetrahydrofuran), a 
tarry product was formed. 
Attempted alkylation of ester 16: Ester 16 {lg) was stirred 
and refluxed in dry tetrahydrofuran (50 ml) with sodium 
hydride (0.3 g) and methyl iodide (5 g) for 17 hr. The solvent 
was then removed and the residue taken up in ether (50 ml). 
Filtering and ether removal afforded unchanged 16 (nmr, glc). 
2-acetyl-3,5-dimethylanisole 22: 
(a) Friedel-Crafts method: Aluminium chloride lumps (27 g) 
were powdered and rapidly added to dichloromethane (40 ml) 
with stirring under nitrogen. Acetyl chloride (16.5 g, 18 ml) 
was then slowly introduced, followed by 3,5-dimethylanisole 
(24 g). After 1 hr of reflux the reaction mixture was cooled, 
poured onto ice (200 g), acidified with SN hydrochloric acid, 
and ether extracted (3 x 100 ml). The extract was shaken 
briefly with saturated sodium carbonate solution (50 ml) and 
dried. Subsequent solvent removal and distillation afforded 
2-acetyl-3,5-dimethylanisole 22 (21 g, 64%) as a colourless 
oil which crystallised on standing; ir 1690, 1610, and 1575 
-1 
cm ; nmr r (CDC1 3 ) 3.3 (lH, s, aromatic proton), 3.35 (lH, 
s, aromatic proton), 6.15 {3H, s, MeO), 7.5 {3H, s, MeCO), 
7.65 {3H, s, Me), and 7.8 {3H, s, Me). The nmr spectrum was 
......... 
11 
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0 
run at -30, 30, and 50 C. In all three cases, identical 
signals were observed showing that the difference in chemical 
shifts of the aromatic methyl groups was caused by the presence 
of 22 rather than by rotamers of the 4-acetyl isomer 21. 
(b) Polyphosphoric acid method: 3,5-dimethylanisole (8 g) 
was added to polyphosphoric acid (100 ml) and acetic anhydride 
(7.5 g, 7 ml) at 65°c with stirring. After 2 hr at this 
temperature, the reaction contents were poured onto ice 
(100 g) and stirred vigorously. The mixture was then ether 
extracted (3 x 150 ml) and the extract shaken with saturated 
sodium carbonate solution (100 ml). Subsequent drying, 
solvent removal, and distillation, afforded 22 (6.6 g, 60%) 
whose spectral properties were identical with those reported 
above. 
4-ethyl-3,5-dimethylanisole: A solution of 4-bromo-3,5-
dirnethylanisole (20 g), methyl iodide (13.5 g), and ether 
(150 ml), was added to magnesium turnings (5.5 g) with 
stirring. After 2 hr of reflux, diethyl sulphate (50 ml, 
freshly distilled from anhydrous potassium carbonate) was 
introduced dropwise over 20 min. Vigorous stirring and 
reflux were maintained for a further 16 hr after which the 
reaction mixture was poured onto cold water (50 ml). The 
aqueous layer was saturated with sodium chloride and ether 
extracted (3 x 150 ml). The residue obtained after solvent 
removal was refluxed for l hr with ethanol/water (50 ml of 
each) and sodium hydroxide (10 g) to destroy any remaining 
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diethyl sulphate. Thorough ether extraction (4 x 100 ml) 
followed by drying, solvent removal, and distillation, 
afforded 4-ethyl-3,5-dimethylanisole (11.2 g, 75%) as a 
colourless oil; (glc 2m 3% SE30, 135°c, t 4.8 min); nrnr r R 
(CDC1 3 ) 3.4 (2H, s, aromatic protons), 6.25 {3H, s, MeO), 
7.4 (2H, q, J 8 Hz, CH2Me), 7.7 {6H, s, 2 x Me), and 8.9 
{3H, t, J 8 Hz, Me). Only a trace of 3,5-dimethylanisole 
was present (glc). 
l-methoxy-4-ethyl-3,5-dimetbylcyclohexa-l,4-diene: This 
compound was prepared in 85% yield by Birch reduction of 
4-ethyl-3,5-dimethylanisole (10.5 g) with lithium (4 g) 
in ammonia (1 1), dry tetrahydrofuran (100 ml), and anhydrous 
t-butanol (100 ml) as described earlier {page 49); ir 1690 
-1 
and 1660 cm ; nrnr r (CDC13) 5.4 (lH, d, J 3 Hz, olefinic 
proton), 6.45 {3H, s, MeO), 7.8 {2H, q, J 8 Hz, CH2Me), 
8.3 (3H, s, olefinic Me), and 8.7-9.1 (6H, e, 2 x Me). 
Methyl-l-methoxy-4-ethyl-5,7-dimethylbicyclo{2.2.2)oct-5-
ene-2-carboxylate 19: l-methoxy-4-ethyl-3,5-dimethylcyclohexa-
l,4-diene {8 g) was refluxed with methyl acrylate (10 g) and 
DCMA {8 mg) for 16 hr. Distillation afforded the bicyclo-
ester 19 {2.5 g, 82% based on 6 g recovered 1,4-diene) as a 
pale yellow oil; 0 (glc 2m 3% SE30, 200 C, t 2.3 min); ir 1730 R 
-1 
cm ; nrnr r (cnc1 3 ) 4.1 (lH, bs, olefinic proton), 6.35 {3H, 
s, C02Me), 6.6 {3H, s, MeO), and 8.8-9.3 {6H, e, 2 x Me). 
......... 
. 
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l-methoxy-2-(l-hydroxy-l-methyl-ethyl)-4-ethyl-5,7-
dirnethylbicyclo(2.2.2)oct-5-ene 20: Ester 19 (2.4 g) in 
ether (20 ml) was stirred with ethereal methyl lithium (4 
equivalents) for 16 hr at room temperature. The reaction 
mixture was then poured onto cold saturated sodium chloride 
solution (20 ml) and ether extracted (3 x 50 ml). Drying, 
solvent removal, and column chromatography on silica with 
chloroform as eluent, afforded the bicyclo-alcohol 20 
(1.76 g, 80% based on 200 mg recovered ester 19); (glc 2m 
3% SE30, 0 
+ 200 c, tR 2.5 min); (Found: M = 252.20918; c16H28o2 
+ -1 M 252.20894); ir 3500 cm ; nrnr T (CDC13) 4.1 (lH, requires 
bs, olefinic proton), 5.15 (lH, s, OH), 6.6 (3H, s, MeO), 
and 8.9-9.3 (12H, e, 4 x Me). 
2,3-seco-10-epi-~-vetivone .1.: To a stirred solution of 
alcohol 20 (1.45 g) in dichloromethane (50 ml), there was 
added boron tribromide (0.2 ml). After 3 hr at room temper-
ature, the reaction mixture was shaken with 20% sodium 
hydroxide solution (15 ml) and ether extracted (3 x 50 ml). 
Drying of the extract followed by solvent removal and column 
chromatography on silica with chloroform as eluent, afforded 
2,3-seco-10-epi-~-vetivone 4 (550 mg, 50% based on 200 mg 
0 
recovered alcohol 20); (glc 2m 3% SE30, 190 C, t 3.4 min); R 
(Found: M+ = 220.18238; c15H24o requires M+ 220.18272); ir 
-1 1665 and 1615 cm ; nmr T (CDC1 3 ) 4.0 (lH, s, olefinic proton), 
5.0 (lH, bm, olefinic proton), 8.05 (3H, s, olefinic Me), 
8.3 (3H, s, olefinic Me), 8.38 (3H, s, olefinic Me), and 
......... 
" 
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8. 9-9. 3 ( 6H, e, 2 x Me) . 
Methyl-4-methoxyphenylacetic acid 25: 4-methoxyphenylacetic 
acid (20 g) was refluxed in methanol (150 ml) with concen-
trated sulphuric acid (6 drops) for 16 hr. After solvent 
removal, the residue was taken up in ether (150 ml) and 
shaken with saturated sodium carbonate solution (50 ml). 
The organic phase was separated and the aqueous layer ether 
extracted (3 x 50 ml). Drying of the combined extract followed 
by solvent removal afforded methyl-4-methoxyphenylacetic acid 
25 (20 g, 96%) as a colourless oil; ir 1730 cm-1 , no band at 
-1 3400 cm . 
2-(4-methoxyphenyl)-ethanol 26: A solution of ester 25 
(19 g) in ether (60 ml) was added dropwise to a vigorously 
stirred suspension of lithium aluminium hydride {3.8 g) in 
ether (80 ml). After 1 hr of reflux, ethyl acetate (10 ml) 
was added dropwise over 5 min, followed by water (4 ml, added 
cautiously), 15% sodium hydroxide solution (4 ml), and water 
(12 ml). Subsequent filtering of the reaction mixture, 
washing of the solid with ether (2 x 100 ml), drying, solvent 
removal, and distillation, afforded 2-(4-methoxyphenyl)-
ethanol 26 (13.6 g, 85%) as a colourless oil; ir 3350, 1610, 
-1 -1 
and 1580 cm , no band at 1730 cm ; nmr, (CDC1 3 ) 2.9 
(4H, AB q, J 32 and 8 Hz, aromatic protons), 6.25 (2H, t, J 
8 Hz, CH20H), 6.3 {3H, s, MeO), and 7.2 (2H, t, J 8 Hz, benzylic 
-
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2-(4-methoxycyclohexa-l,4-dienyl)-ethanol 27: This 
compound was prepared in 90% yield by Birch reduction of 
alcohol 26 (11 g) with lithium (2.3 g) in ammonia (500 ml), 
dry tetrahydrofuran (50 ml), and anhydrous t-butanol (50 ml), 
-1 
as described earlier (page 49); ir 3350, 1690, and 1660 cm . 
Tetrahydropyranyl ether derivative of 27: Alcohol 27 (10 g) 
was stirred under nitrogen with dihydropyran (SO ml) and 
concentrated hydrochloric acid (3 drops) for 2 hr at room 
temperature. Excess dihydropyran was then removed and ether 
(150 ml) added. The mixture was shaken with saturated 
sodium carbonate solution (50 ml), the organic layer dried, 
stripped of solvent, and distilled to give the tetrahydro-
-1 pyranyl ether of 27 (12 g, 77%); ir 1690 and 1660 cm , no 
-1 band at 3350 cm . 
0-acetyl derivative of 27: To a stirred solution of alcohol 
27 (10.5 g), pyridine (5 g, 5.3 ml), and chloroform (40 ml) 
under nitrogen, there was added acetyl chloride (5 g, 4.7 ml) 
in petroleum ether 40/60 (10 ml). After 5 hr of reflux, the 
reaction mixture was poured onto water (50 ml), and ether 
extracted {3 x 100 ml). Drying followed by solvent removal 
afforded the 0-acetyl derivative of 27 (10 g, 78°/o); ir 1730 
-1 -1 
cm , no band at 3350 cm 
Attempted Diels-Alder reaction of 27 and its derivatives: 
Alcohol 27 (10 g) was refluxed under nitrogen with methyl acryl-
ate (15 g) and DCMA (10 mg) for 80 hr. No detectable adduct 
was formed (ir, glc). The use of larger proportions of 
. 
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catalyst (20, 50, and 100 mg) caused no variation in the 
above result. When the tetrahydropyranyl and 0-acetyl 
derivatives of 27 were subjected to similar Diels-Alder 
reaction conditions, starting materials were again recovered. 
l-methoxy-2-(4-methoxyPhenyl)-ethane: 
(a) With sodium/methyl iodide: A solution of alcohol 26 
(16.5 g) in benzene (40 ml), was refluxed and stirred with 
sodium (2.6 g) for 15 hr. Methyl iodide (30 g) was then added 
and refluxing continued for a further 15 hr. Subsequent 
analysis of an aliquot of the reaction mixture showed that 
hardly any methylation had occurred (ir, glc). 
(b) With diazomethane/boron trifluoride-etherate: A solution 
0 
of alcohol 26 (11 g) in ether (100 ml) was stirred at O c. 
Diazomethane, prepared by dropwise addition of E_-toluene-
sulphonylmethylnitrosamide (25 g) in ether (150 ml) to a 
stirred solution of potassium hydroxide (7 g), water (12 ml), 
diethylene glycol monoethyl ether (40 ml}, and ether (12 ml) 
0 
at 67 C, was then introduced slowly. Boron trifluoride-
etherate (2-3 drops) was occasionally squirted in during uhe 
diazomethane addition to catalyse methylation. The reaction 
mixture was then shaken with lN hydrochloric acid (50 ml), 
saturated sodium carbonate solution (50 ml), dried, stripped 
of solvent and distilled to give a product (10.5 g) which 
comprised a 60:40 mixture of l-methoxy-2-(4-methoxyphenyl)-
ethane and unchanged alcohol 26 (nrnr). Complete methylation 
was only achieved by recycling the product twice as above. 
.......... 
·. 
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(c) With sodium hydride/methyl iodide: To a stirred solution 
of alcohol 26 (13.6 g) in tetrahydrofuran (200 ml, freshly 
distilled from sodium), there was added methyl iodide (55 g) 
followed by sodium hydride (9 g of conunercial dispersion 
washed with benzene and sucked dry prior to use). Stirring 
was maintained for 16 hr at room temperature after which 
the reaction mixture was filtered, stripped of solvent, and 
the residue taken up in ether (200 ml). The organic phase 
was washed with water (20 ml), separated, dried, stripped 
of solvent, and distilled to afford l-methoxy-2-(4-methoxyphenyl) 
-ethane (12.8 g, 87%) as a colourless oil; ir 1610 and 1580 
-1 -1 
cm , no band at 3350 cm ; nmr r (CDC1 3 ) 3.05 (4H, AB q, 
J 32 and 10 Hz, aromatic protons), 6.3 (3H, s, Meo), 6.5 
(2H, t, J 8 Hz, C!!20Me), 6.7 (3H, s, MeO), and 7.2 (2H, t, 
J 8 Hz, benzylic CH2). 
l-methoxy-2-(4-methoxycyclohexa-l,4-dienyl)-ethane 29: This 
compound was prepared in 89% yield by Birch reduction of 
l-methoxy-2-(4-methoxyphenyl)-ethane (12.5 g) with lithium 
(3 g) in anunonia (500 ml), dry tetrahydrofuran (50 ml), and 
anhydrous t-butanol (50 ml), as described earlier (page 49); 
(glc 2m 3% SE30, 190°c, t 1.5 min); ir 1690 and 1660 cm-1 . R 
Methyl-l-methoxy-4-(2-methoxy-ethyl)-bicyclo(2.2.2)oct-5-ene-
2-carboxylate 30: Diene 29 (18 g) was refluxed with methyl 
acrylate (25 g) and DCMA (30 mg) for 17 hr. Distillation 
afforded the bicycle-ester 30 (3.8 g, 600/o based on 13.9 g 
.......... 
recovered 1,4-diene}; 
-1 ir 1730 cm . 
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0 {glc 2m 3% SE30, 190 C, tR 5.2 min}; 
l-methoxy-2-{l-hydroxy-l-methyl-ethyl}-4-(2-methoxy-ethyl}-
bicyclo{2.2.2}oct-5-ene 31: Ester 30 {3.7 g) in ether 
{30 ml) was stirred at room temperature with ethereal methyl 
lithium {3 equivalents) for 2 hr. The reaction mixture was 
then poured onto saturated sodium chloride solution (30 ml} 
and ether extracted {3 x 50 ml). Drying followed by solvent 
removal afforded the bicyclo-alcohol 31 (3.55 g, 95%) as a 
colourless oil; {glc 2m 3% SE30, 205°c, t 3.5 min); ir R 
-1 3500 cm ; nmr ~ (CDC1 3 ) 3.9 (2H, AB q, J 32 and 10 Hz, 
olefinic protons}, 5.6 {lH, s, OH), 6.55 (2H, t, J 7 Hz, 
C!!20Me}, 6.65 (3H, s, MeO), 6.7 {3H, s, Meo}, 8.3 (2H, t, 
J 7 Hz, CH2}, and 9.05 (6H, s, 2 x Me). 
4-(isopent-2-enyl)-4-(2-methoxy-ethyl)-cyclohex-2-en-l-one 32: 
(a) With boron tribromide: Alcohol 31 (4 g) was stirred 
with boron tribromide (1 ml) in dichloromethane (50 ml) for 
3 hr at room temperature. The reaction mixture was shaken 
with 20% sodium hydroxide solution (50 ml} and ether extracted 
(3 x 100 ml}. Drying, solvent removal, and column chromat-
ography on silica with chloroform as eluent, afforded the 
-1 
cyclohexenone 32 (3 g, 85%); ir 1665 and 1615 cm ; nmr T 
(CDC1 3 ) 3.2 {lH, d, J 11 Hz, olefinic proton}, 4.1
 {lH, d, 
J 11 Hz, olefinic proton}, 4.8 {lH, bm, olefinic proton}, 
6.5 (2H, t, J 7 Hz, CH20Me}, 6.7 {3H, s, MeO}, 8.3 (3H, s, 
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olefinic Me), and 8.38 (3H, s, olefinic Me). 
(b) With boron trifluoride-etherate/acetic anhydride: 
Alcohol 31 (1 g) was dissolved in acetic anhydride (SO ml) 
and boron trifluoride-etherate (3 ml). After 17 hr at o0 c 
the reaction mixture was introduced dropwise to stirred 
methanol (100 ml). The methyl acetate formed was removed 
and the residue taken up in ether (200 ml). The ether 
layer was shaken with 20°/o sodium hydroxide solution (50 ml), 
separated, dried, stripped of solvent, and column chromato-
graphed on silica with chloroform as eluent, to give 32 
(0.7 g, 79°/o) whose spectral properties were identical with 
those reported above. 
Tetrahydro-2,2-dimethyl-10-(2-methoxy-ethyl)-chroman-7-one 35: 
Alcohol 31 (1 g) was stirred with formic acid (50 ml) for 
18 hr at room temperature. Careful alkaline workup (page 56) 
followed by column chromatography on silica with chloroform 
as eluent, afforded the tetrahydrochromanone 35 (0.75 g, 79%); 
1.r 1705 -1 cm ; nmr t (CDC1 3) 6.15 (lH, bt, J 4 Hz, CH), 6.4 
(2H, t, J 7 Hz, CH20Me), 6.65 (3H, s, MeO), and 8.8 (6H, s, 
2 X Me). 
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PART 4 
APPROACHES TO 
CADINANE AND EUDESMANE SESQUITERPENES 
A SYNTHESIS OF 
TETRAHYDROCYPERONE 
96 
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Introduction 
The eudesmane and cadinane groups of sesquiterpenes 
possess the carbon skeletons 1 and 2 respectively, both of 
which conform to the isoprene rule. 1 
9 
2 8 
4 
8 
7 
1 2 
owing to the large number of natural products embodied 
by these skeletons, general synthetic methods for their 
construction have been studied. For example, a reported 
2 
synthesis of a-cyperone 1_, a major component of oil from 
3,4 . b . tubers of Cyperus rotundus is ased on the Robinson 
annelation of dihydrocarvone. 5 On the other hand, previous 
approaches to the various isomeric cadinenes and cadinols6 
have relied on the intermediate diketone 4. This compound 
7 
was prepared by Diels-Alder reaction of suitable precursors , 
and from 4-isopropyl-6-methoxytetralone by Birch reduction 
and further transformation. 8 More recently, a successful 
approach to cis-fused cadinanes has been developed, and is 
98 
based on the oxy-Cope rearrangement of bicyclic precursors.
9 
The present work was conducted in order to investigate 
the potential of bicyclo(2.2.2)octyl derivatives as a means 
of generating compounds with the carbon skeletons 1 and 2. 
This has led to a synthesis of tetrahydrocyperone 5, the 
observed hydrogenation product of a-cyperone.
2 
Unfor tunately, 
a simple route to the cadinane skeleton 2 has not been 
realised by the present methods, mainly due to the difficulty 
associated with introduction of the isopropyl functionality. 
5 
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Discussion 
It was pointed out earlier {page 67) t h a t bicyclo-ketones 
(e.g.~) underwent acid catalysed rearrangement to give, 
among other things, hexalones of the type l· Clea rly, the 
essential structural requirement for occurrence of this 
process was the olefinic methyl group of.§. (Scheme 1). 
Scheme 1 
3 
--+ 
7 
Further wo+k _showed that acid catalysed rearrangement 
of~ under anhydrous conditions (with a catalytic quantity 
of boron tribromide in dichloromethane, for example) afforded 
hexalone 7 as the sole reaction product in high yield. The 
interesting aspect of this transformation was the fact that 
since R1 , R2 , and R3 could be varied by choice of a particular 
l-methoxycyclohexa-1,4-dieae and Diels-Alder dienophile, the 
eventual alkyl substitution pattern of the hex a lone 2 could 
be effectively predetermined. Constitu tional control was 
further enhanced by the fact that t h e ketone b earing carbon 
atom of 2 could itself be alkylated. 
The possibility of applying t h e transformation to 
sesquiterpene synthesis became appar ent, a n d i n order to 
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illustrate its general versatility, direct routes to three 
different c15 skeleti)ns (all unnatural) are presented in 
Scheme 2. Scheme 2 
> 
9 10 
8 
iso-cadinane 
iso-eudesmane 
12 
iso-eremophilane 
Despite the fact that the salient features of the 
present route to hexalones such as 2 (and related derivatives) 
have been discussed above, it seems desirable to point out 
the relative advantages and limitations compared with estab-
lished methods, namely the Robinson annelation reaction and 
modifications thereof. 
As illustrated earlier in Part 3a, one of the distinct 
vantage points of the present method was the stereochemical 
control it exerted on certain substituents. For example, in 
formation of 12 the adjacent methyl groups would be forced to 
101 
adopt a cis steric relationship due to the very nature of 
the transformations involved (see also page 33). By contrast, 
the relative proportions of the two stereoisomers 14 and 15 
obtained by condensation of 13 with pent-3-en-2-one has been 
b d d h t . d't' 10 shown to e epen ent on t e exac reaction con i ions. 
+ 
• + 
13 0 14 15 
From the viewpoint of constitution the present method 
is completely unambiguous in that only one constitutional 
isomer can be formed, again due to the basic character of 
the processes involved. However, the use of an unsymmetrical 
cyclohexanone (e.g. 16) in the Robinson annelation often 
gives mixtures of products (e.g. 17 and 18) formed by addition 
of both the more and the less substituted enolates. 11 
R 
+ + 
16 17 
This drawback is further exaggerated when the starting 
cyclohexanone has both possible enolates substituted to an 
equivalent degree. For example, condensation of 19 with 
pent-3-en-2-one would undoubtedly afford a mixture of 20 and 21. 
In contrast with this, reduction of 8 (easily generated by 
102 
the transformations depicted in Scheme 2) would afford pure 
20 almost uneventfully. 
The problem of directing condensation has been overcome 
h f . 12 b to some extent byte use o enamines, ut even then an 
element of ambiguity remains, the direction of condensation 
depending very much on the actual amine used in enamine 
formation, and the relative steric and electronic factors 
incurred by the system as a whole. 
+ 
19 20 21 
The principal drawback of the present method is the 
difficulty associated with its extension to syntheses of 
multiringed systems such as steroids. A hypothetical route 
to 24 containing rings A, B, and C serves to illustrate this. 
OMe Me Me 
22 23 
I 
24 
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The fundamental criticisms of the previous scheme are 
twofold. Firstly, 22, the essential starting material, would 
not be readily available. Secondly, even if it were, the 
possible success of its reduction to 23 is doubtful since 
highly substituted anisoles are generally resistant to Birch 
reduction. 13 On the other hand, the Robinson annelation 
reaction has enjoyed widespread success in steroid synthesis14 
and more recent modifications incorporating the use of 
15 . d . d. 16-18 . l 11 oxazoles and dihy ropyri ines are Sl.lllp y exce ent. 
For construction of the eudesmane skeleton, a synthesis 
of the hexalone 11 was necessary followed by insertion of a methyl 
group at C(4). Since it was previously pointed out that 'in 
situ' Diels-Alder reaction of l-methoxycyclohexa-1,4-dienes 
with a,~ -unsaturated ketones did not occur readily (page 80), 
synthesis of adduct 10 from diene ~ and isopropyl vinyl 
ketone was not attempted. 
9 10 11 
It was thought that slow addition of isopropyl lithium 
to ester 25 (prepared from diene 9 and methyl acrylate) might 
give rise to ketone 10 since the second addition, affording 
carbinol 26, would be sterically disfavoured. Unfortunately, 
this was not the case, and carbinol 26 was invariably formed 
in admixture with 10 and unchanged ester 25 (ir, glc). No 
104 
CN 
25 26 27 
variation resulted when lower reaction temperatures were 
maintained, and it was presumably the high reactivity of 
isopropyl lithium that was responsible for occurrence of 
the second addition despite the steric congestion incurred. 
The use of isopropylmagnesium iodide instead of isopropyl 
lithium resulted in the recovery of starting material. 
Since Grignard reactions of nitriles have been observed 
to give rise to imines via monoalkyl addition, 19 the bicyclo-
nitrile 27 was turned to for a solution. Reaction of 27 
with two equivalents of isopropyl lithium gave back consider-
able proportions of starting material showing that the nitrile 
function was fairly unreactive and/or that the enolate 
(resistant to nucleophilic attack) was being formed. !mine 
28 was eventually obtained in good yield by the use of a 
large excess of isopropyl lithium. 
Conversion of 28 to the corresponding ketone 10 presented 
problems. Attempted hydrolysis with 7N hydrochloric acid
20 
afforded a mixture of products presumably arising from 
further rearrangement of the initially formed 10, as detailed 
earlier (page 67). The use of mildly acidic reagents such 
as dilute hydrochloric acid or ammonium chloride solution 
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effected no hydrolysis at all, and treatment of 28 with 
boron tribromide/dichloromethane in the hope that direct 
rearrangement to 11 might be brought about, resulted in 
a tarry mess. Eventually, it was found that column chromat-
ography of 28 on silica with chloroform as eluent, gave rise 
to reasonably pure ketone 10. This result was especially 
pleasing since no products arising by rearrangement of the 
bicyclo-ketone could be detected, and furthermore, hydrolysis 
of 28 and purification of 10 were effected simultaneously. 
Treatment of 10 with a catalytic quantity of boron 
tribromide in dichloromethane smoothly furnished the required 
hexalone 11. 
Base catalysed alkylation of 11 was a rather attractive 
proposition since it offered the possibility of selectively 
methylating C(4), thus giving rise directly to ~-cyperone 2921 
(Scheme 3). Scheme 3 
• ) 
11 0. Me-I 
Unfortunately, however, prolonged refluxing of 11 with 
either excess sodium hydride/methyl iodide or potassium t-
butoxide/t-butanol22 afforded only starting material. 
By analogy with Stork's work on the site-specific 
23 
reductive alkylation of o,~ -unsaturated ketones, it was 
thought that hexalone 11 would, under similar conditions, 
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give rise to dihydrocyperone 30. In actual fact, this 
substance comprised a very minor proportion of the methylation 
product, the major compound present being the ketone 31 
arising by dialkylation. This interesting result prompted 
30 31 
deeper investigation, and the results are discussed fully in 
Part 5. Suffice it to say here that no matter how reaction 
conditions were varied (order of reagent addition, rate of 
addition, and workup period), 31 was always the major isolated 
product. Hence, a feasible modification that would bring about 
monomethylation involved reduction of hexalone 11 to the 
octalone 32 followed by reductive methylation of this compound 
to tetrahydrocyperone ~-
. h d . 24 f 11 . f 2 Birc re uction o gave rise to a mixture o 3 
32 33 
and 33 which, upon brief treatment with a catalytic quantity 
of boron tribromide in dichloromethane, afforded the pure 
octalone 32. Reductive methylation of 32 gave a mixture of 
three products, the major being tetrahydrocyperone ~ (70% by 
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glc), efficiently separated by column chromatography. The 
other two components were identified as being the simple 
reduction product 34 (see Part 5 for a mechanistic discussion) 
and the 2,4-dimethylketone 35. The formation of both these 
2.3 
species has been observed in previous work. 
Spectral and physical data suggested that~ was a single 
stereoisomer, and the relative configuration assigned is that 
of the thermodynamically preferred, and therefore most probable 
structure. In support of this, treatment of~ with methanolic 
d . h . d d . . . d' . 25 ff d so ium met oxi e un er epimerising con itions e ecte no 
observable change (nmr, glc). 
Despite the above successful construction of the 
eudesmane derivative~' synthesis of the adduct 36 was 
considered since its rearrangement would directly give rise 
to ~-cyperone 29 (Scheme 4). 
Scheme 4 
36 
The route envisaged to 36 (Scheme 5) initially involved 
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synthesis of adduct 41. It was hoped that in acidic medium 
this compound would simultaneously ring open and dehydrate 
to give 42 and thence 29. In effect, therefore, the ring 
opened compound 42 (formally derived from 36) would exist only 
as a transient species. 
N 
29 
-H 0 2 
Scheme 5 
N 
H 
N 
\ 
/ 
' 
l . d' 'd 'd . 26 f . ·1 27 ff d d Se enium 1ox1 e ox1 ation o n1tr1 e a ore 
N 
41 
aldehyde 37 which, upon treatment with two equivalents of 
lithium dimethyl copper27 gave the 1,4-addition product 38. 
The aldehyde carbonyl and the nitrile functionalities were 
left intact (ir). Selective reduction of aldehyde 38 to the 
corresponding alcohol 39 was accomplished with sodium boro-
hydride.28 Subsequent conversion to the tetrahydropyranyl 
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ether derivative 40 29 followed by reaction with isopropyl 
lithium as described earlier (page 104) afforded, after colwnn 
chromatography, compound 41. 
Attempted rearrangement of 41 with either boron tribromide 
/dichloromethane or perchloric acid/acetic acid gave a 
mixture of products whose nmr spectrum showed no olefinic 
proton. This unfortunately implied that the essential dehyd-
ration step giving rise to 42 (Scheme 5) was not favoured. 
consequently, the approach was pursued no further. 
For construction of the cadinane skeleton, a synthesis 
of hexalone 47 was necessary, followed by insertion of an 
isopropyl group at C(7) (see introduction). 
43, X ~ co2Me 44, X C02H 45, X COCl 
46, X COMe 
47 
The bicyclo-ketone 46 was synthesised from ester 43 
by mild hydrolysis with t-butanol/sodium hydroxide/water30 , 
conversion of the resulting acid 44 to the chloride 45 with 
oxalyl chloride, 31 and action of lithium dimethyl copper on 
this acid chloride at -78°c. 32 The overall yield of 46 from 
43 was about 65% so that this method for preparation of 
~
bicyclo-ketones such as 46 represented a useful alternative 
to that previously described, based on bicyclo-nitriles. 
Rearrangement of 46 to 47 was accomplished in high yield 
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with a catalytic quantity of boron tribromide in dichloromethane. 
Base catalysed isopropylation of 47 was desirable since 
reduction of the resulting product 48 with lithium aluminium 
hydride/aluminium chloride33 would give rise to zonarene 49, 
the major isolated hydrocarbon component of the brown seaweed 
Dictyopteris zonaroiodes34 (Scheme 6). 
Scheme 6 
47 48 49 
Unfortunately, attempted isopropylation of 47 with either 
potassium t-butoxide/t-butanol 22 or potassium amide/liquid 
. 
35 ff h . . anunonia a orded unc anged starting material and tar. 
These results were not altogether surprising in view of the 
previous failures (page 105). 
It was thought that the required insertion of an isopropyl 
group into 47 to give 50 might be achieved by reductive 
alkylation since dialkylation to give 51 (by analogy with 
the previous work, page 106) would be sterically disfavoured. 
In actual fact, neither of these compounds was formed, the 
only isolated product being 52 arising by sirnple reduction of 
47. Moreover, reductive alkylation of 52 again afforded the 
corresponding reduction product 53 (following diagram). 
A reasonable explanation for these observations is that 
the anion 54 (derived from 47) preferentially acts as a base 
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52 53 
rather than a carbon nucleophile thereby causing elimination 
of hydrogen bromide from the isopropyl bromide (Scheme 7). 
Scheme 7 
+ ( 
Clearly, in the case of methylation, the possibility of 
such elimination is excluded so that nucleophilic attack 
occurs, resulting in alkylation (page 106). It is also of 
interest in this context to note that a literature search 
revealed no successful reports on the reductive alkylation 
of a,~ -unsaturated ketones with secondary alkyl halides. 
Reaction of 47 with pyrrolidine under conditions for 
enamine formation 36 gave a tarry product, which upon column 
chromatography, afforded only unchanged starting material. 
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This, together with the previous failures, indicated that 
an alternative approach for introduction of the isopropyl 
group was necessary. 
An indirect and aesthetically attractive method for 
incorporation of the isopropyl functionality involved a 
synthesis of diene 55. 'In situ' Diels-Alder reaction of 
this compound with methyl acrylate would give the adduct 56 
which could be converted to the methyl ketone 57 as detailed 
earlier (page 109). Rearrangement of 57 would directly 
afford 8-oxo-zonarene 48. 
55 56 57 58 
Alkylation of 58 (prepared by Birch reduction of 3,5-
dimethylanisole) with potassium amide/liquid ammonia/isopropyl 
bromide gave the required compound 55 in high yield. This 
method for alkylation of 1,4-dienes is not universally 
successful (methylation, for example, causes problems), but 
in the present system no complications arose. 
'In situ' Diels-Alder reaction of 55 with methyl acrylate 
in the usual way37 gave only starting materials. Hence, 
refluxing periods were prolonged, catalyst proportions were 
increased, and as a last resort, the reaction was carried out 
0 in a sealed tube at 200 c. In no case was any detectable 
quantity of the adduct 56 formed. This nettling failure was 
113 
presumably the result of steric and electronic factors 
diminishing the lability of proton H in 55 thereby preventing 
a 
the occurrence of 'in situ' conjugation. For similar reasons 
conjugation of diene 59 to the 1,3-isomer 60 has not been 
readily accomplished despite the use of very powerful base 
systems such as potassium t-butoxide/dimethylsulphoxide. 38 
Me Me Me Me 
59 60 
It was felt that the above problem might be solved if 
the acidity of proton H in 55 could be increased. An initial 
a 
thought involved reduction of the readily accessible ketone 
61 (see page 73) to diene 62. 'In situ' conjugation (and 
subsequent Diels-Alder reaction) of the latter compound 
would be expected to occur due to the enhanced lability of 
H. Unfortunately, however, Birch reduction of aromatic 
a 
39 ketones has been studied carefully, and in all cases 
reduction of the carbonyl group occurs. 
Me 
e 
61 62 63 64 
An alternative possibility was to proceed via the ester 
63 to adduct 64 which could conceivably be transformed into 
N 
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a cadinane derivative. Attempted carbomethoxylation of 
diene 58 with potassium amide/dimethyl carbonate afforded 
an equilibrated mixture of unchanged 58 and the corresponding 
1,3-diene, there being no detectable trace of ester 63. 
It was clear from this result that the dimethyl carbonate 
had indirectly acted as a proton source since during its 
addition, the deep red colour of anion 65 was discharged. 
The reaction pathway is illustrated in Scheme 8. 
Scheme 8 
Me > / Me 
65 
These failures made it apparent that introduction of 
the isopropyl functionality was not easily accomplished. 
It seems only reasonable therefore, to suggest that the 
utility of bicyclo{2.2.2)octyl derivatives in efficiently 
generating compounds possessing the cadinane skeleton 
remains to be exemplified. 
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Experimental 
For general details, see Part 1. 
3,4-dimethylanisole: This compound was prepared in 95% 
yield by methylation of 3,4-dimethylphenol with dimethyl 
sulphate, as described earlier {page 49); ir 1610 and 1590 
-1 
cm ; nmr ~ {CDC13 ) 3.15 {2H, AB q, J 36 and 8 Hz, aromatic 
protons), 6.3 {3H, s, MeO), 7.8 {3H, s, aromatic Me), and 
7.85 {3H, s, aromatic Me). 
l-methoxy-4,5-dimethylcyclohexa-l,4-diene 2_: This compound 
was prepared in 89% yield by Birch reduction of 3,4-dimethyl-
anisole as described earlier {page 49) ; {glc 2m 3% SE30, 100°c, 
t 2.5 min); ir 1690 and 1660 -1 {CDC1 3 ) 5.4 {lH, cm 
. nmr ~ m, 
R I 
olefinic proton), 6.5 {3H, s, Meo), and 8.4 {6H, bs, 2 X 
olefinic Me). 
Methyl-l-rnethoxy-4,5-dimethylbicyclo{2.2.2)oct-5-ene-
2-carboxylate 25: Diene 2_ {10 g) was refluxed with methyl 
acrylate {15 g) and DC.MA {10 mg) for 16 hr. Distillation 
afforded the bicycle-ester 25 {9 g, 80% based on 3 g recovered 
1,4-diene); ir 1730 cm-1 ; nmr ~ {CDC1 3 ) 4.15 {lH, bs, olefinic 
proton), 6.4 {3H, s, co2Me), 6.7 {3H, s, MeO), 8.25 (3H, bs, 
olefinic Me), and 8.9 {3H, s, Me). 
Reaction of ester 25 with isopropyl lithium: Ester 25 (2 g) 
was dissolved in ether (25 ml} and stirred at room temperature 
.-
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under nitrogen. A solution of isopropyl lithium in pentane 
(1 equivalent) was then injected over a period of 5 min. 
After a further 30 min, the reaction mixture was poured onto 
cold saturated sodium chloride solution (10 ml) and ether 
extracted (3 x 30 ml). Drying of the extract followed by 
solvent removal afforded a yellow oil; ir 3500, 1730, and 
-1 1705 cm • Glc showed three peaks, one corresponding to 
ester 25, a less volatile component (presumably the bicyclo-
alcohol 26), and a slightly more volatile compound {the 
bicyclo-ketone 10). 0 Repetition of the reaction at O C or 
-20°c invariably gave rise to mixtures of 10, 25, and 26. 
l-methoxy-4,5-dimethylbicyclo{2.2.2)oct-5-ene-2-carbonitrile 27: 
This compound was prepared by Diels-Alder reaction of diene 
9 with acrylonitrile as described earlier (page 25). 
l-methoxy-2-{l-imino-2-methyl-propyl)-4,5-dimethylbicyclo{2.2.2)-
oct-5-ene 28: To a stirred solution of nitrile 27 (2 g) in 
ether (25 ml), there was added dropwise a solution of isopropyl 
lithium in pentane (20 ml, about 5 equivalents) at room 
temperature under nitrogen. After a further 20 hr, the 
reaction mixture was poured onto cold water (20 ml) and ether 
extracted (3 x 100 ml). The aqueous layer was saturated with 
sodium chloride and further extracted (2 x 50 ml). The 
combined organic layer was separated, dried, and stripped of 
solvent to afford the crude bicyclo-imine 28 (2.2 g) as a 
yellow oil with a distinct arnrnoniacal odour; ir 3220, and 
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-1 -1 1640 cm , no band at 2240 cm • 
l-methoxy-2-(l-oxo-2-methyl-propyl)-4,5-dimethylbicyclo(2.2.2)-
oct-5-ene 10: 
(a) With 7N hydrochloric acid: !mine 28 (1 g) was stirred 
with 7N hydrochloric acid (11 ml} for 1 hr at room temperature. 
The reaction mixture was then poured onto water (20 ml) and 
ether extracted (3 x 50 ml). The extract was washed with 
saturated sodium carbonate solution (50 ml}, dried, and stripped 
of solvent to give a dark oil; ir 3500, 1705, 1650, 1625, and 
-1 1580 cm showing that hydrolysis of 28 and further rearrange-
ment of 10 had taken place. Glc showed the product to comprise 
a mixture. Repetition of the reaction for 15 min instead of 
1 hr gave a product which again showed multiple bands in 
the -1 1r spectrum from 1700-1600 cm • 
(b} By chromatography: The crude imine 28 (2.2 g) was 
dissolved in chloroform (2 ml) and column chromatographed 
on silica with chloroform as eluent. Collection was stopped 
-1 
when fractions ceased to show a prominent band at 1705 cm 
(ir) • Solvent removal afforded the bicycle-ketone 10 (1. 66 
-
g, 
68%} a pale yellow oil; (glc 2m 3% SE30, 0 1.8 min) ; as 205 C, t R 
ir 1705 -1 no bands at 3500, 3200, or 1650 -1 cm cm . nmr ~ I I 
(CDC1 3 ) 4.16 (lH, bs, olefinic proton}, 6.7 (3H, s, MeO), 
8.25 (3H, d, J 2 Hz, olefinic Me), 8.9 (3H, s, Me), and 
9.0 (6H, d, J 6 HZ, 2 x Me). 
7-isopropyl-10-methyl- ~l( 9), 7 (8 )-2-hexalone 11: Ketone 10 
-
' 
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(1.6 g) was dissolved in dichloromethane (50 ml) and stirred 
with boron tribromide (0.1 ml) for 2 hr at room temperature. 
The reaction mixture was then shaken with 20% sodium hydroxide 
solution (30 ml) and ether extracted (3 x 50 ml). Drying 
of the extract followed by solvent removal and column 
chromatography on silica with chloroform as eluent, afforded 
0 
the hexalone 11 (1.12 g, 85%); (glc 2m 3% SE30, 200 C, t R 
-1 3.3 min); ir 1650, 1625, and 1580 cm ; nmr ~ (CDC1 3 ) 4.05 
(lH, s, olefinic proton), 4.4 (lH, s, olefinic proton), 8.85 
{3H, s, Me), and 8.95 (6H, d, J 6 Hz, 2 x Me). 
Attempted base catalysed alkylation of hexalone 11: 
(a) With sodium hydride/methyl iodide: A solution of 
hexalone 11 (1 g), methyl iodide (1 g), and dry tetrahydrofuran 
(25 ml) was added dropwise over 3 hr to a stirred suspension of 
sodium hydride (500 mg of commercial dispersion, washed with 
benzene and sucked dry prior to use) in refluxing tetrahydrofuran. 
After 16 hr of reflux, the reaction mixture was filtered 
and the solvent removed. The residue was taken up in ether 
(100 ml) and washed with water (20 ml). Separation of the 
organic phase followed by drying and solvent removal, afforded 
unchanged starting material (nmr, glc). 
(b) With potassium t-butoxide/methyl iodide: To a stirred 
solution of hexalone 11 (0.75 g) and potassium t-butoxide 
(600 mg) in refluxing t-butanol (50 ml), there was added 
methyl iodide (500 mg) in t-butanol (50 ml) over a period 
of 1 hr. After 18 hr of refluxing, the reaction mixture 
I 
,-
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was filtered and the solvent removed. The residue was 
taken up in ether (100 ml) and washed with water (20 ml). 
Subsequent drying and solvent removal afforded unchanged 
starting material (nmr, glc). 
11,12-dihydro-a-cyperone 30: A solution of hexalone 11 
(500 mg) in tetrahydrofuran {20 ml) was added with stirring 
to liquid ammonia (250 ml). Freshly cut sodium (120 mg, 
slightly in excess of two equivalents) was then introduced, 
during which the reaction mixture changed colour from pale 
yellow to wine to deep blue {signifying the presence of 
excess metal}. 30 min later, methyl iodide {3 g) was squirted 
in and the ammonia evaporated off. The residue was taken up 
in ether (100 ml) and shaken with water (20 ml}. Separation 
of the organic phase followed by drying, solvent removal, 
and colunm chromatography on silica with chloroform as eluent 
afforded 11,12-dihydro-a-cyperone 30 {30 mg, 6%); (glc 2m 3% 
SE30, 205°c, t 3.1 min); mass spectrum: m/e 220; ir 1670 
R 
-1 
and 1615 cm ; nmr ~ {CDC1 3 ) 4.25 {lH, bs, olefinic proton), 
8.2 (3H, s, olefinic Me), 8.8 {3H, s, Me), and 9.05 {6H, 2 
overlapping d, J 6 Hz, 2 x Me). The major reaction product 
was the gem-dimethyl ketone 31 {280 mg, 50%}; (glc 2m 3% SE30, 
o -1 205 C, t 2.9 min); mass spectrum: m/e 234; ir 1705 cm ; R 
nmr ~ (CDC1 3 ) 4.55 (lH, d, J 3 Hz, olefinic proton), 8.75 
(6H, s, 2 x Me}, 9.0 (3H, s, Me}, and 9.05-9.2 (6H, 2 overlapping 
d, J 6 Hz, 2 x Me). 
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7-isopropyl-10-methyl- ~l( 9)_2-octalone 32: A solution 
of hexalone 11 (1.1 g) in tetrahydrofuran (25 ml) was added 
with stirring to liquid ammonia (500 ml). Sodium (280 mg) 
was then introduced and after a further 1 hr, methanol (5 ml) 
was squirted in. The ammonia was evaporated off and the 
residue taken up in ether (200 ml) and washed with water (20 ml). 
Drying, solvent removal, and column chromatography on silica 
with chloroform as eluent, afforded the octalone 32 (second 
fraction); 0 (glc 2m 3% SE30, 200 C, t 2.9 min); ir 1670 and R 
1615 -1 cm ; nmr ~ (CDC1 3 ) 4.25 (lH, s, olefinic proton), 8.8 
{3H, s, Me), and 9.05-9.2 (6H, 2 overlapping d, J 6 Hz, 
2 x Me); and the isomeric octalone 33 (first fraction); 
~ (CDC1
3
) 4.7 {lH, s, olefinic proton), 
8.75 (3H, s, Me), and 9.05-9.2 (6H, 2 overlapping d, J 6 Hz, 
-1 
cm ; nmr ir 1710 
2 x Me). The total recovery of material was 1 g (89%). 
The octalones 32 and 33 were dissolved in dichloromethane 
(50 ml) and stirred with boron tribromide (0.1 ml) for 15 
min at room temperature. The reaction mixture was shaken 
with 20% sodium hydroxide solution (20 ml) and ether extracted 
(3 x 100 ml). Drying and solvent removal afforded pure 
octalone 32 (0.98 g, 98°/o) whose spectral properties were 
identical with those reported above. 
Tetrahydrocyperone 5: A solution of the octalone 32 (380 mg) 
in tetrahydrofuran (30 ml) was reductively methylated with 
sodium (150 mg) and methyl iodide {3 g) in liquid ammonia 
(250 ml} as described earlier (page 119). The product was 
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column chromatographed on silica with chloroform as eluent 
to afford tetrahydrocyPerone 2 (165 mg, 40%); (glc 2m 3% SE30, 
0 190 C, t 3.3 min); 
R 
+ (Found: M = 222.19836; c15H26o requires 
+ -1 M 222.19837); ir 1710 cm ; nmr r (CDC1 3 ) 7.2-8.0 (3H, e, 
cH
2 
and CH a to carbonyl), 8.95 (3H, s, Me), 9.05 (3H, d, J 
6 Hz, Me), and 9.15 (6H, d, J 6 Hz, 2 x Me). Also obtained 
from the column was a fraction containing the decalone 34 
0 -1 (glc 2m 3% SE30, 190 C, t 2.9 min); ir 1710 cm ; 
R (40 mg) ; 
runr r (CDC1
3
) 7.2-8.0 (4H, e, 2 x CH2 to carbonyl), 8.95 
(3H, s, Me), and 9.15 (6H, d, J 6 Hz, 2 x Me); and a further 
fraction (40 mg) comprising a 1:3 mixture of 5 and a less 
volatile component. A sample of the latter obtained by 
0 
preparative glc with a 2m 20% SE30 column at 200 C was shown 
0 
to be the decalone 35 {glc 2m 3% SE30, 190 C, t 3.6 min); R 
-1 
mass spectrum: m/e 236; ir 1710 cm ; the total recovery of 
material from the column was 245 mg (60%) out of which 
tetrahydrocyperone 2 comprised 175 mg (71%). 
Attempted epimerisation of tetrahydrocyperone 2: A solution 
of compound 2 (100 mg),sodium (100 mg), and methanol (25 ml), 
was refluxed under dry nitrogen for 20 hr. The reaction mixture 
was stripped of solvent and the residue taken up in ether 
(100 ml) and washed with water (20 ml). Drying of the organic 
phase followed by solvent removal afforded an oil that was 
identical in all respects with starting material. 
l-methoxy-4-methylbicyclo(2.2.2)oct-5-ene-5-carbaldehyde-
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2-carbonitrile 37: Nitrile 27 (20 g) was refluxed in 1,4-
dioxan (130 ml) with selenium dioxide (10 g) for 26 hr. The 
reaction mixture was then filtered and the solvent removed. 
The dark residue was taken up in ether (200 ml) and refiltered 
after which the filtrate was stripped of solvent and distilled 
slowly through a short 1 Vigreux 1 column to afford the bicyclo-
-1 
aldehyde 37 (12 g, 57%); ir 2740, 2200, and 1690 cm ; 
nmr , (CDC1
3
) 0.48 and 0.54 (lH, s, CHO~ twin peaks caused 
by exo,endo-isomers of adduct), 2.75 (lH, s, olefinic proton), 
6.5 (3H, s, MeO), and 8.5 (3H, s, Me). Shorter refluxing 
periods led to the recovery of considerable quantities of 
the intermediate allylic alcohol (ir). 
l-methoxy-4,6-dimethylbicyclo(2.2.2)octane-5-carbaldehyde-
2-carbonitrile 38: A nearly colourless solution of lithium 
dimethyl copper was prepared by dropwise addition of ethereal 
methyl lithium (2 equivalents) to a stirred suspension of 
cuprous iodide (2 g) in ether (30 ml) at o0 c under nitrogen. 
The presence of a small quantity of solid yellow methyl copper 
ensured the absence of any free methyl lithium. After 15 min, 
a solution of the bicyclo-aldehyde 37 (1.15 g) in ether (10 ml) 
was introduced, and stirring was maintained for a further 1 hr. 
The reaction mixture was then shaken with 2N hydrochloric 
acid (20 ml) and ether extracted (3 x 100 ml). The extract 
was washed with saturated sodium carbonate solution (50 ml), 
separated, dried, and stripped of solvent to give an oil 
whose nrnr spectrum showed that 1,4-addition had occurred 
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predominantly, but that some unchanged starting material was 
also present. Column chromatography on silica with chloroform 
as eluent afforded the bicyclo-aldehyde 38 {800 mg, 75%); 
-1 lr 2750, 2220, and 1720 cm ; nmr, (CDC13) 0.2 {lH, s, CHO), 
6.75 {3H, s, MeO), and 8.8-9.l (6H, e, 2 x Me). 
l-methoxy-5-(hydroxymethyl)-4,6-dimethylbicyclo(2.2.2)octane-
2-carbonitrile 39: Aldehyde 38 (700 mg) was stirred with 
sodium borohydride (4 g) in ethanol (50 ml} for 20 hr at 
room temperature. The reaction mixture was then filtered, 
stripped of solvent, and the residue taken up in ether (100 ml) 
and water (20 ml}. After shaking, the ethereal layer was 
separated, the aqueous layer being saturated with sodium 
chloride and further extracted (2 x 30 ml}. The combined 
extract was dried and stripped of solvent to afford the 
-1 bicyclo-alcohol 39 (610 mg, 87%}; ir 3400 and 2220 cm , no 
-1 bands at 2750 and 1720 cm . 
Tetrahydropyranyl ether derivative of alcohol 39: Alcohol 
39 (500 mg) was stirred with dry dihydropyran (5 ml) and 
concentrated hydrochloric acid (1 drop) for 2 hr at room 
temperature. The excess dihydropyran was removed and the residue 
taken up in ether (50 ml) and shaken with saturated sodium 
carbonate solution (20 ml}. The ethereal layer was separated 
and the aqueous layer further extracted (2 x 20 ml). Subsequent 
drying of the combined organic phase followed by solvent 
removal, afforded the tetrahydropyranyl ether derivative of 
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39 (650 mg, 94%); -1 
-1 
2220 cm , no band at 3400 cm 
l-methoxy-2-(l-oxo-2-methyl-propyl)-5-(hydroxymethyl)-4,6-
dimethylbicyclo(2.2.2)octane 41: The above tetrahydropyranyl 
ether 40 (600 mg) was stirred in ether (20 ml) with a 
solution of isopropyl lithium in pentane (5 ml, about 5 
equivalents), for 17 hr at room temperature under nitrogen. 
The reaction mixture was then poured onto cold saturated 
sodium chloride solution (20 ml) and ether extracted (3 x 50 
ml). The extract was dried, stripped of solvent, and column 
chromatographed on silica with chloroform as eluent, to 
afford the bicyclo-ketol 41 (250 mg, 48%); ir 3400 and 1705 
-1 -1 
cm , no band at 2220 cm . 
Attempted conversion of ketol 41 to @-cyperone 29: 
(a) With boron tribromide/dichloromethane: Ketol 41 (100 mg) 
was stirred in dichloromethane (20 ml) with boron tribromide 
(2 drops) for 3 hr at room temperature. The reaction mixture 
was then shaken with 20% sodium hydroxide solution (10 ml) 
and ether extracted (3 x 30 ml). Drying followed by solvent 
removal afforded a dark oil whose nmr spectrum was complex 
and showed no olefinic proton. Glc indicated the presence 
of a mixture. 
(b) With perchloric acid/acetic acid: Ketol 41 (100 mg) 
was stirred in glacial acetic acid (10 ml) with 7CF/o perchloric 
acid (1 drop) for 2 hr at room temperature. The reaction 
mixture was then cautiously poured into ice-cold 2CF/o sodium 
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hydroxide solution {60 ml) with stirring, and ether extracted 
(2 x 100 ml). Drying and solvent removal afforded a dark 
gummy product whose nmr spectrum showed no olefinic proton. 
3,5-dimethylanisole: This compound was prepared as described 
earlier {page 79). 
l-methoxy-3,5-dimethylcyclohexa-l,4-diene: This compound was 
prepared as described earlier {page 79). 
Methyl-l-methoxy-5,7-dimethylbicyclo(2.2.2)oct-5-ene-
2-carboxylate 43: This compound was prepared as described 
earlier (page 25). 
l-methoxy-5,7-dimethylbicyclo(2.2.2)oct-5-ene-2-carboxylic 
acid 44: Ester 43 (7 g) was stirred with 0.5N sodium hydroxide 
solution (75 ml) and t-butanol (75 ml) for 3 days at room 
temperature. The reaction mixture was then completely stripped 
of solvent and the residue taken up in ether (100 ml) and 
water (200 ml). Shaking and separation of the ether layer 
followed by solvent removal gave some unhydrolysed ester 2 
(700 mg). The aqueous layer was carefully acidified with 
2N hydrochloric acid (20 ml) and ether extracted (3 x 100 ml). 
Separation of the organic phase followed by drying and solvent 
removal, afforded the bicycle-acid 44 (5.3 g, 90% based on 
700 mg recovered ester 43) as a viscous yellow oil possessing 
-1 
a pungent odour; ir 3500 and 1715 cm . Shorter reaction 
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periods led to the recovery of considerable quantities of 
unchanged starting material. 
l-methoxy-5,7-dimethylbicyclo(2.2.2)oct-5-ene-2-carboxylic 
acid chloride 45: To a solution of acid 44 (5.3 g) in dry 
benzene (50 ml), there was added oxalyl chloride (6 g) in 
benzene (10 ml) with stirring. After 16 hr at room temperature , 
the solvent (and any excess oxalyl chloride) was removed. 
The residue, comprising the bicycle-acid chloride 45 was 
stoppered under nitrogen and used in the following reaction. 
l-methoxy-2-acetyl-5,7-dimethylbicyclo(2.2.2)oct-5-ene 46: 
A solution of lithium dimethyl copper was prepared by dropwise 
addition of ethereal methyl lithium (2 equivalents) to a 
stirred suspension of cuprous iodide (15 g) in ether (30 ml) 
0 
at O c. The presence of a small quantity of solid yellow 
methyl copper ensured the absence of any free methyl lithium. 
After 5 min the reaction flask was cooled to -78°c with the 
aid of an acetone/CO2 bath, and a solution o
f the acid 
chloride 45 (prepared above) in ether (12 ml) was added 
dropwise at such a rate that the temperature of the reaction 
0 
mixture did not exceed -60 c. 15 min later, methanol (8 ml) 
was added and the acetone/CO2 bath removed. W
hen the 
reaction mixture had attained room temperature, it was poured 
onto saturated ammonium chloride solution (300 ml}, shaken 
vigorously, and ether extracted (5 x 100 ml). Drying of the 
combined extract followed by solvent removal and distillation 
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afforded the bicyclo-ketone 46 (3.8 g, 72% from the bicyclo-
acid 44) as a colourless oil whose spectral properties were 
identical with those observed earlier (page 79). 
4,7-dimethyl- ~l( 9 ), 7 (8 )-2-hexalone 47: To a solution of 
ketone 46 (3.5 g) in dichloromethane (50 ml), there was added 
boron tribromide (0.2 ml). The reaction flask was stoppered 
and the contents stirred at room temperature for 3 hr. 
Subsequent shaking with 20% sodium hydroxide solution (20 ml), 
ether extraction (3 x 100 ml), drying, solvent removal, and 
column chromatography on silica with chloroform as eluent, 
afforded the hexalone 47 (2.5 g, 85%) whose spectral properties 
were identical with those observed earlier (page 80). 
Attempted base catalysed isopropylation of hexalone 47: 
(a) With potassium t-butoxide/isopropyl bromide: To a 
stirred solution of potassium t-butoxide (7 g) in t-butanol 
(80 ml), there was added the hexalone 47 (1 g) in t-butanol 
(20 ml) over a period of 1 hr at room temperature. Isopropyl 
bromide (1 g) was then introduced, and after a further 1 hr, 
the reaction mixture was poured onto ice (30 g) and stirred. 
Concentrated hydrochloric acid was then added cautiously 
until the mixture was acid to litmus. Ether extraction (2 x 
100 ml) followed by separation, drying, and solvent removal, 
afforded a black tar. 
(b) With potassium amide/isopropyl bromide: A solution of 
potassium amide in ammonia was prepared by addition of freshly 
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cut potassium (0.5 g) to stirred liquid ammonia (250 ml) 
followed by a few crystals of ferric nitrate. When the 
colour had changed from deep blue to opaque-brown, a solution 
of hexalone 47 (0.6 g) in tetrahydrofuran (5 ml) was added, 
and the ammonia evaporated off over 16 hr. The residue was 
digested in water (10 ml) and ether extracted (3 x 50 ml). 
Subsequent drying and solvent removal afforded unchanged 
starting material (nmr). 
Attempted reductive isopropylation of hexalone 47: A solution 
of hexalone 47 (500 mg) in tetrahydrofuran (25 ml) was added 
with stirring to liquid ammonia (250 ml). Sodium (140 mg, 
slightly in excess of 2 equivalents) was then introduced. 
30 min later, isopropyl bromide (3 g) was squirted in and 
the ammonia evaporated off. The residue was taken up in 
ether (100 ml) and shaken with water (20 ml). Drying and 
solvent removal afforded an oil which was dissolved in 
dichloromethane (50 ml) and stirred with boron tribromide 
(0.1 ml) for 15 min at room temperature. The reaction 
mixture was then shaken with 20% sodium hydroxide solution 
(20 ml) and ether extracted (2 x 100 ml). Drying, solvent 
removal, and column chromatography on silica with chloroform as 
eluent, afforded the octalone 52 (360 mg, 71%) mass spectrum: 
-1 
m/e 178; ir 1665 and 1625 cm ; nmr r (CDC1 3 ) 4.15 (lH, s, 
olefinic proton), 8.9 (3H, d, J 6 Hz, Me), and 9.0 (3H, d, 
J 6 Hz, Me). 
129 
Attempted reductive isopropylation of octalone 52: A solution 
of octalone 52 {300 mg) in tetrahydrofuran {30 ml) was reacted 
as above. workup and chromatography afforded the decalone 53 
-1 (250 mg, 82%); ir 1710 cm ; nmr r (CDC1 3 ) 9.0 (3H, d, J 6 Hz, 
Me}, and 9.1 {3H, d, J 6 Hz, Me}, no olefinic proton. 
Attempted enamine formation from 47: Hexalone 47 (500 mg) 
was refluxed in benzene (15 ml) with pyrrolidine (1 g) and 
E-toluenesulphonic acid (10 mg) using a column of freshly 
dried molecular sieves 3A as a water trap. After 4 hr of 
refluxing, the solvent was removed and the residue taken up 
in ether (100 ml) and shaken with 20% sodium hydroxide solution 
(10 ml). Drying of the organic phase followed by solvent 
removal gave a dark tarry product, which, when column 
chromatographed on basic alumina with ether as eluent, 
afforded unchanged 47 (nmr). 
l-methoxy-6-isopropyl-3,5-dimethylcyclohexa-l,4-diene 55: 
A solution of potassium amide in liquid ammonia was prepared 
by addition of freshly cut potassium (5 g) to stirred liquid 
ammonia (500 ml), followed by a few crystals of ferric nitrate. 
When the liquid was opaque-brown in colour, a solution of 
l-methoxy-3,5-dimethylcyclohexa-l,4-diene 58 (9 g) in 
tetrahydrofuran (10 ml) was introduced dropwise. After 15 
min, isopropyl bromide (10 g) in tetrahydrofuran (20 ml) 
was added slowly during which the intense red colour of 
the potassium salt of diene 58 was discharged. Isopropanol 
.. -
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(5 ml) was then squirted in and the ammonia evaporated off. 
The residue was digested in water (10 ml) and ether extracted 
(3 x 100 ml). Drying, solvent removal, and distillation, 
afforded the 1,4-diene 55 (11 g, 89%) as a colourless oil; 
0 (glc 2m 3o/oSE30, 140 C, t 1.0 and 1.2 min due to the presence 
R 
-1 
of 2 stereoisomers); ir 1690 and 1660 cm ; nmr T (CDC1 3 ) 
4.6 (lH, bro, olefinic proton), 5.4 (lH, m, olefinic proton}, 
6.5 (3H, s, MeO), 8.3 (3H, bs, olefinic Me}, 8.95 (6H, d, J 
6 Hz, 2 x Me), and 9.2 (3H, d, J 6 Hz, Me); only a trace of 
starting material remained (glc). 
Attempted Diels-Alder reaction of 55: 
(a) At atmospheric pressure: The 1,4-diene 55 (5 g) was 
refluxed for 20 hr with methyl acrylate (8 g) and DCMA (5 mg). 
Direct distillation afforded unchanged 55 (nmr, glc). No 
variation of this result was brought about by use of larger 
proportions of catalyst (20, 100 mg) or extended reaction 
periods (80 hr). 
(b) In a sealed tube: A mixture of diene 55 (5 g) and methyl 
acrylate (8 g) was degassed with nitrogen for 2 hr. Subsequent 
0 
heating of the mixture with DCMA (10 mg) for 40 hr at 200 C 
in a sealed tube followed by distillation of the product, 
afforded unchanged 55 in admixture with aromatised material 
(ir, nmr). No detectable trace of the expected adduct 56 
was present (ir, glc). 
Attempted synthesis of l-methoxy-6-carbomethoxy-3,5-
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dimethylcyclohexa-1,4-diene 63: The potassium salt of diene 
58 (5 g) was prepared with potassium amide as described earlier 
(page 129). After 15 min, dimethyl carbonate (3.3 g, freshly 
distilled from anhydrous sodium sulphate) in tetrahydrofuran 
(30 ml) was introduced dropwise, and the ammonia evaporated 
off. The residue was digested in water (10 ml) and ether 
extracted (3 x 100 ml). Drying, solvent removal, and 
distillation, afforded a mixture of unchanged starting 
material 58 (glc 2m 3% SE30, 90°c, t 1.6 min); ir 1690 and R 
1660 -1 cm ; and l-methoxy-3,5-dimethylcyclohexa-l,3-diene 
0 -1 (glc 2m 3% SE30, 90 C, t 1.3 min); ir 1660 and 1600 cm . 
R 
The nmr spectrum of the mixture showed no signal corresponding 
-1 
to a carbomethoxy group, and no band at 1730 cm was present 
in their spectrum. 
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PART 5 
THE REDUCTIVE METHYLATION OF 
LINEAR COJUGATED DIENONES 
134 
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Introduction 
The reductive methylation of 
1 (9) ~ -2-octalones to 
the corresponding l-methyl-2-decalones has been studied 
1 in some detail by Stork. By analogy with this work, 
1(9),7(8) ~ -2-hexalones (e.g. l) would be expected to give 
rise to the corresponding octalones (e.g.~). Infact, the 
maJor reduction products turn out to be the l,l-dimethyl-
~B(9)_2-octalones (e.g. l_) arising by dialkylation. 
1 
owing to the large number of diterpenes, sesquiterpenes, 
and steroids possessing an a,a-dimethylketone moiety, compounds 
of the type l_ represent important synthetic intermediates. 
Previous syntheses have depended on base catalysed alkylation 
2-4 
of a,fj-unsa tura ted ketones. In view of this, and from a 
mechanistic standpoint, it seemed desirable to further 
investigate the present procedure in order to establish its 
scope and general applicability. 
From a synthetic viewpoint, it was envisaged that the 
method might prove useful in generating compounds possessing 
the somewhat unusual Widdrane sesquiterpene skeleton 4. 
Unfortunately, this has not been achieved for reasons that 
136 
x[>/ 
4 
will become apparent (vide infra). Nevertheless, it would 
seem correct to suggest that the present route to compounds 
such as 3 does represent an alternative to the base catalysed 
procedure. 
' 
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Discussion 
It was pointed out earlier (page 106) that reductive 
methylation of hexalone 5 gave rise to the ketone 6. 
In conjunction with spectral evidence, the suggested 
structure for 6 was confirmed by the observation that treatment 
with a catalytic quantity of boron tribromide in dichloromethane 
effected no change. Since this reaction was known to bring 
about conjugation of~,~ -unsaturated ketones (e.g. page 106), 
it confirmed the existence of an a,a -gem-dimethylketone 
moiety in~-
In order to illustrate the general scope of this process, 
a number of substituted hexalones was prepared by previously 
discussed methods (Part 4, see also experimental of this 
section). Each of these, when subjected to reductive 
methylation conditions, afforded the corresponding gem-dimethyl 
compound as the major product (Scheme 1). 
Scheme 1 
7 
9 
N 
11 12 13 
The primary sequence of events suffered by a 
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10 
14 
1(9),7(8) 
~ -
2-hexalone (e.g. 2_) in a solution of sodium/ammonia is most 
probably analogous to that suggested by Stork during his 
studies on octalones. 1 Electron addition occurs at the 
terminal end of the dienone system to afford the radical 
anion 15 (Scheme 2). A further one electron addition yields 
the dianion 16 which is protonated by ammonia at the o-carbon 
atom to give the dienolate anion 17. 
Scheme 2 
17 16 
On quenching with methyl iodide, 17 has a choice of 
two possible fates, both of which eventually give rise to 
the observed product~- The first of these (Scheme 3) 
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Scheme 3 
~ 
-
/ 0. Me-I 19 
18 
17 
20 
involves monomethylation to give 18 followed by intermolecular 
proton exchange between 18 and another molecule of 17. This 
affords anion 19 which on methylation would give rise to~-
However, if this was the actual mechanism in operation, then 
the product should clearly comprise a 1:1 mixture of 6 and 
the octalone 20 since for every molecule of 19 formed, one 
molecule of 17 would be proton quenched (Scheme 3). Careful 
chromatographic, ir, and glc analysis of the product showed 
no trace of 20 leave aside a quantity equivalent to that of 
6. 
The alternative possibility, and that which appears to 
operate, invokes sodium amide participation (Scheme 4). 
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As noted from Scheme 2, one equivalent of sodium amide was 
generated in formation of the salt 17. Due to the acidity 
of H in 18, further anion formation could occur (caused by 
a 
amide ion rather than by 17) followed by methylation of 19 
to give.§_. 
> 
Scheme 4 
(\ 
Me-I 
19 6 
A good analogy in support of this mechanism is provided 
5 
by the base catalysed alkylation of a,~-unsaturated ketones. 
Despite the use of only one equivalent of base and alkylating 
agent, a significant proportion of dialkylation invariably 
occurs. The intermediates in the base catalysed procedure 
are electronically identical with 18 and it is the enhanced 
acidity of protons equivalent to H that encourages further 
a 
anion formation and alkylation.
5 
Another important feature of reductive methylations is 
the presence in the product of material arising by reduction 
without alkylation. Examples are provided by the various 
1 decalones obtained by Stork and compound 34 page 107. A 
likely explanation consistent with these observations is that 
the methyl iodide indirectly acts as a proton source by 
equilibration with its ammonium salt (see below). 
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One envisaged use of the present dialkylation procedure 
was its application to a synthesis of compounds possess i ng 
the Widdrane skeleton. To date, only two members of this 
family of natural products have been discovered. One of 
these, thujopsene 22, is a sweet smelling constituent of 
the wood oil and of the heartwood of many genera belonging 
6 
to the natural order Cupresales. Its synthesis has been 
. 2 
achieved. 
22 14 
It was shown earlier (Scheme 1) that ketone 14 was 
easily obtained by the present methods. By virtue of its 
very constitution, 14 presented an attractive basis for 
construction of Widdrane derivatives since introduction 
of a C(8), (9)-cyclopropyl ring cis to the angular methyl 
group was the only necessary operation. Not only would 
the success of such a scheme provide a general means of 
entry into a particular group of sesquiterpenes, but it 
would also highlight the combined synthetic utility of the 
present approach to substituted hexalones (Part 4) and their 
reductive methylation products. 
'In situ' Diels-Alder reaction of l-methoxy-4,5-dimethyl-
cyclohexa-l,4-diene with acrylonitrile afforded the adduct 
11, which, upon treatment with excess methyl lithium at 
room temperature followed by column chromatography on silica 
with chloroform as eluent (see also page 104-5), afforded 
142 
CN 
11 13 
the bicycle-ketone 12. conversion of 12 to the hexalone 
13 was readily accomplished with a catalytic quantity of 
boron tribromide in dichloromethane. Reductive methylation 
of 13 gave rise to the octalone 14. 
7 Numerous examples have shown that when an olefinic 
alcohol (usually allylic) is treated with Simmons-Smith 
reagent, the product always contains the hydroxyl group 
and the cyclopropane ring in a cis arrangement. Furthermore, 
the reaction rate is substantially increased. Both effects 
are presumably brought about by some form of co-ordination of 
the hydroxyl oxygen atom with the reagent's zinc atom.
8 
These findings were of important consequence to the 
present work since reduction of 14 with lithium aluminium 
hydride 9 would give the equatorial alcohol 15 (the stereo-
chemistry of such reductions has been adequately studied
10), 
which, upon cyclopropanation, should afford 16 possessing the 
required cis steric relationship between the angular methyl 
group and the cyclopropane ring (Scheme 5). 
Reduction of 14 with lithium aluminium hydride afforded 
a crystalline alcohol whose nmr spectrum and glc trace 
suggested that it was a single stereoisomer, most probably 
15. 
2 
Treatment of 15 with excess Simmons-Smith reagent 
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Scheme 5 
H 
14 15 16 
gave only unchanged starting material. This result was 
not varied when reflux periods were prolonged from 20 to 
0 d 'f' . 
11 11 12 hr. A more recent mo i ication was equa y unsuccessful 
despite the use of tetrahydrofuran, and, therefore, a higher 
reaction temperature. 
These results were depressing and strongly suggested 
that cyclopropanation of 15 was not a favoured process. A 
major factor surely responsible was steric hinderance caused 
by the gem-dimethyl group, preventing sufficient association 
of the hydroxyl group of 15 with the Simmons-Smith reagent. 
That the hydroxyl functionality was not immediately adjacent 
to the double bond (i.e. not allylic) may have further 
decreased its potency in accelerating the reaction. 
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Experimental 
For general details, see Part 1. 
1,1,10-trimethyl-7-isopropyl- ~ 9 (9)_2-octalone 6: This 
compound was prepared in 50% yield by the method described 
earlier (page 119). 
. 1(9),7(8) . 4,7-dimethyl- ~ -2-hexalone ]_: This compound was 
prepared exactly as described earlier (page 127). 
1,1,4,7-tetrarnethyl- ~ 9 ( 9)_2-octalone .§.: A solution of 
hexalone ]_ (1 g) in tetrahydrofuran (25 ml) was added to 
stirred liquid ammonia (250 ml). Sodium {300 mg) was then 
introduced, and 15 min later methyl iodide {3 g) was squirted 
in. The ammonia was evaporated off and the residue taken 
up in water (20 ml), and ether extracted {3 x 100 ml). 
Drying, solvent removal, and column chromatography on silica 
with chloroform as eluent afforded the octalone .§. (600 mg, 
52%) as a pale yellow oil; {glc 2m 3% SE30, 175°c, tR 2.7 min); 
mass spectrum: m/e 206; ir 1710 -1 cm ; nrnr ~ (CDC1 3 ) 4.5 (lH, 
bs, olefinic proton), 8.7 (3H, s, Me), 8.75 (3H, s, Me), 
8.9 {3H, d, J 6 Hz, Me), and 9.05 (3H, d, J 6 Hz, Me). 
Cholesta-4,6-dien-3-one 9: This compound was prepared as 
reported12 ; ir 1660, 1620, and 1585 cm-
1
; nrnr 
3.85 (2H, s, 2 olefinic protons), and 4.3 (lH, s, olefinic 
proton). 
' 
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4,4-dimethylcholest-5-en-3-one 10: Cholesta-4,6-dien-3-one 
f (500 mg) was added in tetrahydrofuran (200 ml) to stirred 
liquid ammonia (300 ml). Sodium (100 mg) was then introduced 
and after 3 hr, methyl iodide (20 g) was squirted in. The 
ammonia was evaporated off and the residue digested in 
water (20 ml) and ether extracted (3 x 100 ml). Drying, 
solvent removal, and column chromatography on silica with 
chloroform as eluent, afforded 10 (250 mg, 45%). Recrystall-
o 
isation from ethanol gave white needles m.p. 175-177 C, 
lit. 3 m.p. 176-177°c: (Found: C, 83.97: H, 11.55: c 29H48o 
-1 
requires C, 84.4: H, 11.7%): ir 1705 cm : nmr 7 (CDC1 3 ) 
4.4 (lH, bro, olefinic proton). 
l-methoxy-4,5-dimethylbicyclo{2.2.2)oct-5-ene-2-carbonitrile 11: 
This compound was prepared as described earlier {page 25). 
l-methoxy-2-acetyl-4,5-dimethylbicyclo{2.2.2)oct-5-ene 12: 
The bicyclo-nitrile 11 (3 g) was dissolved in ether (30 ml) 
and stirred with ethereal methyl lithium {3 equivalents) 
for 20 hr at room temperature under nitrogen. The reaction 
mixture was then poured onto saturated sodium chloride 
solution (20 ml) and ether extracted {3 x 100 ml). Drying, 
solvent removal, and column chromatography on silica with 
chloroform as eluent, afforded the bicyclo-ketone 12 (2 g, 
-1 62%): ir 1705 cm : nmr ~ (CDC1 3 ) 4.1 {lH, bs, olefinic 
proton), 6.65 (3H, s, MeO), 7.9 (3H, s, MeCO), 8.2 (3H, bs, 
olefinic Me), and 8.85 (3H, s, Me). 
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. 1(9),7(8) 7,10-dimethyl- tl -2-hexalone 13: To a stirred 
solution of ketone 12 (1.9 g) in dichloromethane (50 ml), 
there was added boron tribromide (0.2 ml). After 3 hr at 
room temperature, the reaction mixture was shaken with 
20% sodium hydroxide solution {20 ml) and ether extracted 
{3 x 100 ml). Drying of the extract followed by solvent 
removal and column chromatography on silica with chloroform 
as eluent, afforded the hexalone 13 (1.3 g, 800/o): ir 1650, 
-1 1625, and 1580 cm : nmr ~ (CDC1 3 ) 4.0 (lH, s, olefinic 
proton), 4.35 (lH, s, olefinic proton), 8.1 (3H, bs, olefinic 
Me), and 8.82 (3H, s, Me). 
7 (8) 1,1,7,10-tetramethyl- tl -2-octalone 14: A solution of 
hexalone 13 (1.3 g) in tetrahydrofuran (30 ml} was added 
to stirred liquid ammonia (500 ml). Sodium (400 mg) was 
then introduced, and after 40 min, methyl iodide (6 g) was 
squirted in. The ammonia was evaporated off and the residue 
digested in water (30 ml) and ether extracted (3 x 100 ml). 
Drying of the extract followed by solvent removal and 
column chromatography on silica with chloroform as eluent, 
afforded the octalone 14 (780 mg, 51%): (glc 2m 3% SE30, 
182°c, t 1.9 min): m/e 206: ir 1705 
-1 
mass spectrum: cm . 
R 
I 
nmr ~ (CDC1 3 ) 4.6 (lH, d, J 2 Hz, olefinic proton); 8.8 
(6H, s, 2 x Me), 9.0 (3H, d, J 6 Hz, Me), and 9.02 (3H, s, Me). 
7 (8) 1, 1, 7, 10-tetramethyl- tl -2-octalol_ 15: A solution of 
octalone 14 (750 mg) in ether (15 ml) was added dropwise to 
I 
1-
I 
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a stirred suspension of lithium aluminium hydride (400 mg) 
in ether (40 ml) at room temperature under nitrogen. After 
4 hr of reflux, ethyl acetate {3 ml) was introduced dropwise 
followed by water (0.5 ml), 15% sodium hydroxide solution 
(0.5 ml), and water (2 ml). The reaction mixture was 
filtered and the filtrate thoroughly washed with ether 
(2 x 100 ml). The combined organic layer was dried and 
stripped of solvent to afford the octalol 15 (700 mg, 93%): 
(glc 2m 3% SE30, 173°c, t 3.5 min): . 3400 cm 
-1 band ir I no 
R 
at 1705 -1 7 (CDC1 3 ) 4.6 (lH, d, 2 olefinic cm . nmr J Hz, I 
proton), 6.8 (lH, m, C!!OH), 8.8 (6H, s, 2 X Me), 8.95 (3H, 
s, Me), and 9.05 (3H, d, J 6 HZ, Me). 
Attempted cyclopropanation of 15: 
(a) classical procedure: Powdered zinc/copper couple (800 mg) 
was stirred and refluxed in ether (20 ml) with diiodomethane 
(1 ml) and a crystal of iodine. After 2 hr, a solution of 
the octalol 15 (350 mg) in ether (10 ml) was introduced, and 
refluxing was continued for 20 hr. Subsequently, the reaction 
mixture was filtered, stripped of solvent, and the residue 
column chromatographed on silica with chloroform as eluent, 
to afford unchanged 15 (nmr). 
{b) Modified procedure: To a stirred suspension of zinc 
dust (500 mg) and cuprous iodide (1.5 g) in refluxing tetra-
hydrofuran (10 ml), there was added a solution of the octalol 
15 (350 mg) in ether (5 ml) followed by diiodomethane (2.3 g). 
After 20 hr of reflux, the reaction mixture was filtered 
r-
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and stripped of solvent. Column chromatography on silica 
with chloroform as eluent afforded unchanged 15. 
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